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(54) Thin film device and method for making 

(57) Any one of an Insulating film forming a TFT, e 
silicon film and a conductive film is formed by applying 
a solution and annealing it In a spin coater (102), a coat- 
ing solution containing a thin film component which 1s 
supplied from a solution storage section (105) is spin- 
coated onto a substrate. The substrate after coating the 
coating solution is annealed in an annealing section 
(1 03) to form a coating film on the substrate. Additional 
laser annealing improves one of film characteristics, t 



e„ crystallinity, i 
cation of the coating solution or a resist by a ntr* j»t 
process increases utilization of the solution and psonfls 
forming a patterned coating fita. Since a thin film detfos 
in accordance with the present invention Is inexpensive 
and has a high throughput, TFT production by a prootoc* 
tion system having high utilization of the coating solution 
drastically reduces initial investment end production 
cost of e fiquid crystal display dsvtoe. 
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Description 
[TECHNICAL FIELD) 

[0001] The present invention relates to a thin film de- 
vice including a thin film laminate structure such as a 
thin film transistor (hereinafter referred to as TFT) and 
a method for making the same, and in particular relates 
to a thin film device capable of low cost production due 
to a decreased initial investment and a method for mak- 
ing the same* Also, the present invention relates to a 
liquid crystal panel and an electronic device using the 
thin film device. 

[BACKGROUND ART] 

[0002] In recent years, liquid crystal display devices 
using such types of thin film devices have been used In 
notebook-type personal computers, car navigation sys- 
tems, video cameras and various portable information 
devices, and their range of applications and production 
is drastically increasing. Such phenomena are due to 
improved performance including reduced price of the 
liquid crystal display devices, enlarged screen size, im- 
proved image resolution and low electrical power con- 
sumption. Further cost reduction Is, however, required 
for further expansion of the market and range of appli- 
cation*. 

[0003} The mainstream of the liquid crystal devices Is 
active matrix liquid crystal devices usingTFTs as switch- 
ing elements for pixels. Each liquid crystal device in- 
cludes TFTs, a TFT substrate on which a matrix of pixel 
electrodes connected to the TFTs are formed, a counter 
substrate provided wfth a common electrode, and a §Q- . 
uid crystal encapsulated between these two substrates. 
Fig. 17 shows the main section of a TFT substrate 60. 
In Fig. 17, TFTs 61 are formed at pixel positions neer 
the intersections of a plurality of source or data signal 
lines S1, S2. Sn arranged in columns with a plurality 
of gate or scanning signal lines 61. 62. — Gm ar- 
ranged in rows. Source electrodes of the TFTs 61 are 
connected to their respective source lines and drain 
electrodes are connected to their respective pixel elec- 
trodes 62. The data signal supplied from a source fine 
is applied to a pixel electrode 62 through its correspond- 
ing TFT 61 based on the scanning timing signals sup- 
plied through the corresponding gate line. The state of 
the liquid crystal is changed and driven for displaying by 
an electric field between the pixel electrode 62 and the 
common electrode, not shown in the drawing. 
[0004] The liquid display device is fabricated by panel 
assembling including encapsulation of the liquid crystal 
between the TFT substrate 60 and the counter electrode 
and packaging of driving circuits for driving the source 
tines and the gate lines, and the cost of the liquid crystal 
display device greatly depends on the cost of the TFT 
substrate 60. The cost of the TFT substrate 60 depends 
on the manufacturing method of the TFTs. A part of dii¥- 
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ing circuits may be formed on the TFT substrate ^60 by 
forming the active elements with the TFTs, and in this 
case, the cost of the TFT substrate occupies a high pro- 
portion of the cost of the liquid crystal display device. 
[0005] A TFT has a thin film monolithic'structure In- 
cluding a plurality of thin films which Include at least e 
silicon semiconductor layer having en insulating layer, 
a conductive layer, a source, a drain end a channel ra- 
giori. The cost of the TFT greatly depends on the pro- 
duction cost of the thin film monolithic structure. 
[0006] The insulation layer in the thin «m monoCWc 
structure is formed by a low pressure chemical vapor 
deposition (LPCVD) process or a plasma enhanced 
CVD (PECVD) process, since a normal pressure CVD 
(NPCVD) process results In low uniformity of the fibn 
thickness. The conductive layer, or typically the metal 
layer, is formed by a sputtering process. Tr»*fltcon *1ta 
for forming the silicon semiconductor layer Is also 
formed by the PECVD or LPCVD process. Further, a 
method for implanting an im p ur ity in to the sBcon film by 
an ion implanting process or en ton doping process Is 
used. Alternatively; the high concentration impurity re- 
gion which functions as a source-drain region Is formed 
of an impurity-doped silicon film In a CVD system. 
[0007] The CVD systems arid the sputtering system 
used in the above-mentioned fDm deposition processes 
belong to vacuum units for processing materials under 
vacuum pressures, and require large vacuum systems, 
resulting in an increase In initial investment m the *ao-> 
IJurri'system, a subsfiaiels trarisferrecTfo a vacuum 



evacuation chamber, a substrate heating < 
film deposition chamber end a vent chamber in that or- 
der to form a film. The substrate atmosphere therefore 
must be changed from open air to vacuum, and this em- 
its the throughput Since the ton irnplanter and the ton- 
doping system are also vacuum systems, the same 
problems as above occur. Further, the Ion irnplanter and 
the ion-doping system require complex mechanisms for 
generating plasma, extracting tons, mas&eeparalng 
the ions (for the ion irnplanter). accelerating tons. coaV 
mating ions, scanning tons end soon, resulting In a re- 
markably high Initial Investrneritooat ' _ 
[0008] As described above, the thin IBm d epositi on 
technology and the processing technology for producing 
a thin film monolithic structure is basfcaty strnBsr to the 
manufacturing technology for LSI circuits. The main 
means for cost reduction of the TFT substra te Inc lude 
scaling-up of the substrate size for forming TFSs, im- 
provement In efficiency of the thin Om deposition and 
its processing step, and improvement tn yield. 
[0009] Scaling-up of the substrate size for producing 
large liquid crystal display devices with reduced costs is 
an obstacle to high speed transfer of the substrates in 
the vacuum system, and causes breakage of the sub- 
strate due to thermal stress during the deposition steps, 
hence it is significantrydifficult to irnprove the throughput 
of the film deposition system. Also, the scafing-up of the 
substrate size inevitably requires ecafing-up of the f 
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deposition system. An increased cost accompanied by 
the increased volume in the vacuum system further in- 
creases the initial investment, and as a result, it is diffi- 
cult to achieve drastic cost reduction. 
[001 0J Although an increased yield is a valuable 8 
means for cost reduction, a yield near the limit has been 
achieved, and thus drastic cost reduction is difficult to 
view of the yisja. 

[0011]] Patterning of each layer is performed by a pho- 
tolithographic process. The photolithographic proosco *0 
essentially includes a coating step, an exposure step 
and a developing step of a resist film. After these stepo. 
an etching step and a resist-r© moving step are requcnc^l, 
hence the steps for patterning is a factor in increasing 
the number of steps for thin film deposition. This is m « 
factor in the increased cost of thin film device prodico- 

[0012]) Regarding the resist-coating step in thapftoCs- 
lithographic process, only less than 1 % of the resist eo- 
lation dropped onto the substrate remains on the su&- 2© 
strate as the resist film after spin coating, deteriorating 
the efficiency of the use of the resist solution. 
[0013]) Although a printing process has been pro- 
posed as a low cost process instead «rf a largo sctSo 
exposure system used in the exposure step, it has not 29 
yet reached practices use due to problems such C3 
processing sodujc^l 

[00141]] As described above, it is not possible to drso- 
ticalry reduce the cos t of the TFT substrate, although tits 
market requires drastic price'reauction of trie fi^ffl ory^ " "3»" 
tal display devteco. 

[001 5J It is an object of the present invention to pro- 
vide a thin film device and a method tar maWrtg Ceo 
same, in which a part or aO of the films fcn a thin flam 
olithic structure used for a liquid crystal display devicQ 33 
are deposited without a vacuum system in order to do- 
crease initial investment and operation costs, increaco 
the throughput and significantly decrease the produc- 
tion ccc&3. 

[001 It is another object of the present invention to #> 
provide a thin film device and a method for making tho 
same, in which a thin film having characteristics simtScr 
to those of a CVD or sputtered film is formed of a coating 
film white achieving cost reduction. 
[0017]] It is a further object of the present invention Co 
provide a thin film device and a method for making ftp 
same, in which the consumption of a coating solution fc$ 
decreased in the formation of the thin coating film tar 
achieving cost reduction. 

[001 8]) K is still another object of the present invention so 
to provide a thin film device and a method for making 
. the same, which is capable of patterning the formed f£m 
without a photolithographic process and thus reducing . 
thoeooS. . 

[001 93 It is a still further object of the present invention & 
to provide a thin film device, a liquid crystal panel and 
an electronic device using the sarrto. En whteh o pfcfto 
in contact with the liquid crystal can be planarized toy 



forming a pixel electrode with a coating fca. 
[0 0203 It is another object of the present invention Cs> 
provide a thin film device, a liquid crystal panel, and oa 
electronic device using the same, tn whfcfi^a wiring lai$?C7 
can be used as a light-shielding layer for a black mate 
and the thin film device has a high aperture raC®. 
[0 02113 It is still another object of the present Snvengtai 
to provide a liquid crystal panel and an electronic devto 
which enable cost reduction du3 to uso of an inexpes** 
sivo thin film devto. 

[DISCLOSURE OF lNVENTt03\3 

[0022]) According to an embodiment of the present tn> 
vention, a thin film device hasa thin film monolith^ 
ture comprising a plurality of thin films Including Qt Cccx3 
one insulating layer and ©t fcesca cno conductiva toycr, 
whe?c±n) " 

at least on© thin C£ffi> fci tfto tft?n toa m©no£jt!s 
structure is formed cJ o coating fiCsi {excluding o c^s> 
on-glass film having o baste structooo compris&tg) c3- 
loxane bonds), which is obtained by applying ® sotatera 
containing a constituent of the thin film foOowsd &y Cn>- 
neaC^3. • 

[00233 A method for making tfte tft*n fflm devtoo ©Ea5> 
prisos-^faftow^stspacsft 

applying a coating solution containing a conatS^CK3 
of the thoi fiton onto q substratcc cj£°\ 
TorrnTrlj^al^ spin-on-cjaso 
film having a baste structure comprising siloxarco 
bonds) by annealing the coated surface of the sdfc- 

[0024J In the present tnvenfenao ot Cesctf ma-toaycTtn 
the thin film monolithte structura Cs formed 00 o c&zCks 
film without a vacuum oystcm. Aq sucft o coating C^a, Q 
spin-on-glass (SOG) film having o baste structure) ©ap- 
prising siloxane bondo, wfctefo hao been wsc^l C3 o 
planarization layer, has been fenestra. Tho orgarfic S££© 
film is, however, readDy etched dunng en oxygen gfc> , 
ma process, whereas tfto tnorgante SO© fitnra nse£^7 
cracks even if the fifo hso q thteCtneoo of covordJ 0c&2> 
sand angstroms, heneo C2 'b bsreCy wssd sc5c3y C3 ca 
interievel insulating ffim, and fo used G3 ©rtfjf a ptaEC33=» 
zation Cay<rr ©bova a CVD {nsulatirtg C^s. 
[002?]) In the presenl invento, era 'tnsu3®t&tg t$C7 
and a conductive layer composing ® th5n Otsn monoS^s 
structure are formed cJq coating CKm oter fiten tho S©3 
film, and the thin film can be plansriz&d 0t Che samo.feo. 
•Since the coating film can tea Comrcd rtftfantf o vociCCT 
system such as © CVD systsjn or o sputtering syDCrxa^, 
a mass-production leno can be constructed a 
icantry smaller investmeo^ compared to conventten±) 
systems, the throughput of the system can be fricresocgJ 
and the cost of the thin film davtea cen b3 drasttof^ 
.redue^L ' 

[002S]). TtotHnfltomondn^ 
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ious structures, for example, those including semicon- 
ductor layers, those including thin film transistors, and 
those including an underlying insulating layer and an up- 
per protective insulating layor. 

[0027] In these cases, it is preferable that all the insu- 
lating layers contained in the thin film monolithic struc- 
ture be formed of a coating film. A gate insulating layer 
requiring a critical film quality for ensuring desired ftfft 
film transistor characteristics, however, may be formed 
by a method other than a coating process. 
[0028J] rt is preferable that at least two thin films in fro 
thin film monolithic structure be formed by a coafeg 
process in order to reduce the device cost which 4s a 
purpose of the present invention 
[0029J The insulating layer can be formed of a SiOfc 
coating film which is obtained by applying a solution con- 
taining a polymer having Si-N bonds (porysilazartoj Cs^» 
lowed by a first annealing process in an oxygen atmco- 
phere. Since the polysilazane having the above stnco- 
ture exhibits high cracking resistance and oxygen plao- 
ma resistance, a single layer can be used as an insulat- 
ing layer having a given thickness. 
[0030]] It is preferable that the insulating layer be sub- 
jected to a second annealing process at a temperature 
higher than that in the first annealing process to further 
clean Its surface. The second annealing proceso 
be performed at a high temperature for a short period 
using a laser or a tafia^ ■ 

[0O3H3] The semiconduct or layer is for med by implead- 
ing an impurity into a silicon coating fSmwhich is formed 
by applying a solution containing silicon partic&o 
lowed by a first annealing process. 
[00323 It is preferable that the semiconductor layer to 
subjected to a second annealing process at a tempera- 
ture higher than that in the first annealing process to im- 
prove the crystallinfty in the layer. The second annealing 
process may also be performed at a high tempera tino 
for a short period using a laser or a lamp. 
[0033]] Preferably, a method for diffusing an impu?i3y 
into the silicon coating film comprises the following steps 
* 

forming by coating an impurity-containing layer onto 
the silicon coating film; antf 
diffusing the Impurity into the silicon coating &m 
heating the impurity-containing layer. 

[0 034]) Conventionally, the high concentration impu73- 
ty region which functions as a source-drain region hso 
been formed of an impurity-doped silicon film by a CVO 
system, or formed by introduction of an impurity by cm 
ion implanting process or an ion doping process, wheco- 
as in the present invention, a source-drain region Co 
formed by a step of applying and baking a solution Co 
form a thin film containing an impurity, and by a step off 
annealing the thin film at a high temperature for a short 
period using a lamp or a laser to form a high concenteo- 
tion impurity region. The ion implanting system and tfco 



ion doping system basically belong to vacuum systems 
and require extremely complicated mechanisms to 
generating plasma, extracting coro, mass-separating 
the ions (for the ion implanter), accelerating fens, coD- 
8 mating ions, scanning ions and so on, hence these tes® 
systems have evidential high prices compared to to 
system for coating and annealing the thin film containing 
the irnptnt^f. 

[003SJ There are two methods for forming the cortrfy^ 
10 tive layer. In one method a thfo metal fibn 5s formed adb 
in the other method a thin transparent conductive to fc> 
formal 

[0036J The formation of the th!n metal fHm ®o o <B03>> 
ductive layer includes coating c? Q solution ccntair&tg 
is conductive particles then evaporating tho solvent &y o 
first annealing process. A conductivQ coating Ifcn isca 
be thereby formed 

[0037]] I* & preferabte that tho conductive layer c*~§> 
be subjected to a second onrceaKrtg process at o tzz> 

20 peraturehio^tharitfuntta^f^B 

to reduce the resistances off tho fcayar. Tho second Cj> . 
nealing process may be performed at o high temper 
ture for a short penod using q laser or stev^a. 
[00383 Preferably, a method for fornifng a transpsrc^ 

as conductive film os Q conductive Gay^.comprfexxc 



a first annealing step annealing tho coated suTfcao 
in an oxygen or rtonreductive atmosphero; cr$ 
a second annealing step ann eafing tho coatsd clo 
face In ahyoYoge^cr reductive stmbspneso. 
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[0039]] When forming the transparent electrode as <5o 
conductive layer, for exampJo, on organic odd ccntefft- 
ing indium and tin is used oo q coating .soJutitm. Prc£r?» 

as ably in this case, a soJvent used for adjusting fiho vfcsso- 
ity is evaporated (at. for exampJo. m temperatura ®Jc^> 
proximately 100 °C) after coating, and thon tho g£szz> 
mentioned first and second annealing prcoessoo cjo 
performed. Indium oxide and tin oxide are formed diritKS 

<o the first ennealing process and the fiimUs reduced durfc^j 
the second annealing prcceco fcre o hydrogsfl m rca££3» 
tiv© atmospftcsQ. 

[00403 ft is preferable that Che temperature in ©to ccx> 
ond annealing process be tower than thaHtn ®to End C3> 

o nealing pTOCCca 

[004*33 The transparent oonductivo coating afcrr 
the first annealing process can (be prevented $mm C^o 
mal deterioration tn fiho second anneadrtg procccG. 
[0042]] PreferaWy, tho substrain & maintainor tfii Geo 

so nonoxidizing atmospheffQ afcsr ®to second anneeS^ 
process until the substrata temperatura 6s decfeacce).C2> 
200 °C or less. The reoxidation c? fihe transpar©?ti<s3E\>> 
ductive coating film reduced during tha second arcnccV 
ing process can be thereby suppressed, and #u£3 Co 

83 sheet resistance of the transparent conductive eosfe^) 
film does not increase. Otis preferable that €he substeC^ 
be introduced into open oSr ©t q temperatocro «tf S§ 
or less in order to ensocro prevention «3 Sto nsox$dc£§3a. ' 
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Since the resistivity of the coated ITO film decreases in 
proportion to the oxygen defects in the film, the reoxida- 
tion of the transparent conductive coating film due to ox- 
ygen in the open air results in an increase in the specific 
resistivity. 

[0043] In the formation of the transparent conductive 
coating film, a coating solution containing indium (In) 
and tin (Sn) is applied onto the substrate. The coating 
film is oxidized in the first annealing process to form an 
ITO film. Using the coated ITO film, the conductive layer 
is also usable for me transparent electrode. 
[0044J When the surface of the ITO film is plated with 
a metal, the film can be used as a conductive layer other 
than the transparent electrode, and the metal plating 
can decrease the contact resistance. 
[0045] It is preferable that a conductive sputtering film 
be formed on the contact face of the coated ITO film by 
a sputtering process. 

[0046] An example of the thin film monolithic structure 
is an active matrix substrate including pixel switching elr 
ements provided on their respective pixels, which are 
formed near intersections of a plurality of data lines with 
a plurality of scanning lines, and pixel electrodes con- 
nected thereto. 

[0047] A typical pixel switching element used in the 
active matrix substrate is a thin film transistor. The thin 
film transistor as the pixel switching element includes a 
gate electrode electrically connected to one of the scan- 
ning lines and a drain electrode electrically connected 

^-ctr&'tfihwptm^mcifoa^ 

[0048] It is preferable that the pixel electrodes be 

formed of a conductive coating film in such a thin film 
monolithic structure. The surface in which the pixel elec- 
trodes are formed generally has steps, while the surface 
of the conductive coating film is almost planarired when 
the pixel electrode is formed of the conductive coating 
film. As a result, rubbing can be satisfactorily performed 
and occurrence of reverse-tilt domains can be prevent- 

[0049] It is preferable that the conductive coating film 
used for the pixel electrodes be a coated ITO film. The 
coated ITO film functions as a transparent electrode end 
is suitable for producing an active matrix substrate in e 
transmission liquid crystal display device. 
[0050] The thin film transistor as the pixel switching 
element includes an interlevel insulating film formed on 
the front surface of the gate electrode, and the data foe 
and pixel electrode are electrically connected to the 
source region and the drain region, respectively, 
through contact holeis formed in the interlevel insulating 

[0051] The interlevel insulating film may be composed 
of a lower interlevel insulating film which lies at the lower 
side and an upper interlevel insulating film which Is 
formed on the surface of the lower interlevel insulating 
film. In this case, the data line is electrically connected 
to the source region through a first contact hole formed 
in the lower interlevel insulating film. On the other hand. 



the pixel electrode is electrically connected to the drain 
region through a second contact hole formed in the low- 
er interlevel insulating film and the upper interlevel In- 
sulating «m. j 

5 [0052] In such a configuration, the data line and the 
pixel electrode are formed on different layers from each 
other, hence these do not short-circuit each other even 
if they are formed at a position in which they overlap wflh 
each other. The periphery of the pixel electrode can 

10 therefore be arranged above the data One and the scan- 
ning Mne. 

[0053] As a result, no planar gap is present between 
the data line or scanning line and the pixel electrode. 
The data line and the scanning fine can therefore funo- 

f* tion as a black matrix having a light-shielding function. 
Accordingly, it is not required to form a Dght shielding 
layer as the black matrix by an additional process. 
[0054] Since the range capable of forming the pixel 
electrode is expanded, the aperture ratio of the pixel «e- 

20 gion is increased, resulting ki a bright display. 

[0055] It is preferable that the pixel electrode formed 
of a conductive coating film be electrically connected to 
the drain electrode through a conductive sputtering «m. 
[0056] Since the sputtering film has e lower contact 

28 resistance than that of the conductive coating mm, the 
contact resistance can be reduced by intervening the 
conductive sputtering film between the conductive cos* 
ing film and the source region. 

[0057] It is preferable the conductive sputtering Ore 
so be a sputtering TTO fflm so as not to decrease the aper- 
ture ratio. 

[0058] When the conductive coating film and the con- 
ductive sputtering film have the same pattern, the accu- 
racy in the patterning of the pixel electrode can be tov 

99 proved, because a resist film can be formed on only- toe 
conductive coating film having high adhesiveness to the 
resist mask and the conductive coating film and the oen- 
ductive sputtering film can be simultaneously patterned. 
Resist mask formation on the conductive sputtering titan 

*o having low adhesiveness to the resist mask Is noft(*fr» 
quired, and a decrease in accuracy in the palternJngcan 
be avoided. 

[0059] When the cc*>ductive coating film end the con- 
ductive sputtering film does not have the same pattern, 
45 it is preferable that the periphery of the conductive coal- 
ing film lies outside of the periphery of the conductive 
sputtering Mm. 

[0060] Resist masks are separately formed on the 
conductive coating film and the conductive sputtering 

so film and are separately subjected to sputtering by cWtor- 
ent steps. The accuracy of the patterning for the periph- 
ery of the pixel electrode depends on the accuracy of 
the patterning for the conductive coating film having a 
larger patterning dimension then that of the conductive 

85 sputtering film. The low accuracy of the patterning for 
the conductive sputtering film having low adhesiveness 
to the resist mask does not affect me accuracy of tie 
patterning for the pixel electrode. 
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[0061J When the conductive sputtering film and tho 
data line are present In the same layer, these can bo 
simultaneously formed of the same metal material 
[0062J Alternatively, tho conductive sputtering VEm 
may He above the data line. In this case, since thes® 
layers are formed by different steps, these layer may bo 
formed of the same material or different materials. 
[00633 The interlevel insulating film may include a low- 
er interievel insulating film at the lower side and an uppor 
interlevel insulating film deposited on the surface of ©to 
lower interievel insulating fitm, and the data One end £co 
conductive sputtering film may be formed on the surfaoo 
of the upper interievel insulating film. The data line fe 
electrically connected to the source region through Q 
first contact hole formed in the lower interievel insulating 
film. On the other hand, the conductive sputtering fifcrai 
is electrically connected to the drain region through o 
second contact hole formed in the upper interlevel insdD- 
lating film and the lower interievel insulating film. Tito 
conductive coating film is deposited on the surface cS 
the conductive sputtering fitefl. 

[0064]| Alternatively, the data line and the conductivQ 
sputtering film may be formed in the same layer on tho 
surface of the lower interievel insulating film. In th3o 
case, the data line is electrically connected to tho scicnK) 
region through a first contact hole formed in the lows? 
interievel insulating film. The conductive sputtering fitna 
is electrically connected to the drain region through o 
second contact hole formed in the lower interlevel trts^y 
^atingiilmrFortheT,^e~con^^ 
ited on the surface of the upper interievel insulating filing 
and electrically connected to the conductive sputtering 
film through a third contact hole formed in the upper ton- 
terlevel insulating tea. 

[006Sj) In accordance with another embodiment, a Gq- 
u$d crystal panel comprises: 

an active matrix substrate provided with the abovo- 
mentioned thin film devto, 

a counter substrate facing the active matrix su8> 
strata, crcsl 

a liquid crystal layer encapsulated between the ©©- 
tive matrix substrata and tho counter aufcs&ctx 

[0063]] In accordance with a further ernbctSms^, ca 
electronic device comprises the Gcjufd crystal pcftd 
[0067]] In these casoo, tho cost reduction^ ©to C£a 
film device enables drastic cost reduction of the liquid 
crystal panel and the electronic device using the liquid 
crystal parcel 

[0 06@j] In the above-mentioned solution coating step, 
it is preferable that tho solution be applied to only tho 
coating region on the substrate to form a patterned cost- 
ing film on the substrate, because a photolithography 
process including many steps is not required. Acoonfeg 
to this process, consumption of the coating solution do- 
creases and thus tho operation cost can bo retSus^L 
[00693 In accordance with still another embodiment <tf 



the present invention, a method for making a thin fiEsa 
device is characterized in that a patterned coating fttm 
is formed on the substrate tojr: 

0 preparing a coating solution dispense(/head prov- 
ed with a plurality of liquid discharging nozzles, G3t£) 
discharging the coating solution onto only the cock- 
ing region on the substrate while relatively chang^ 
the positions of the substrata and the liquid «£> 

CO charging nozzCca. 

[0070]] This method can be achieved by, fox examgb, 
an ink jet process. Since the coating solution is not weed- 
ed and no photolithographic process "6s required, tto 

f a method greatly contributes to the investment cost r©&£3> 
tion and improved throughput. For exampSo, tn correct- 
tional coating techniques orrty approximate^ DS5 <s3a 
dropped resist has been used as a coating fiCsa • tsftcso- 
as in the present inventor c? mora off o dropped 

so resist can be used as a coating fi£m Off ccujuo, e&c^n) o 
high coating efficiency holds for the other coating GjCT 
in the present invention, and thus the reduced usee? Ceo 
coating materials and tho reduced tinto tn tho ooaCBS) 
processes enable the cost reduction of liquid crysfcd <£b- 

S3 playdevteo. 

[007UJ It is prefers We that these nozzies beindepc^ 
ently controlled to dischargo or rart to dischargp Cso 
coating solution, and positions off the substrata ©red Oto 
discharge nozzles be relatively changed while cort&\§3- 
- s> — ling the coating^timlngwthe nozzio^OTe precise par- 
tem coating can thereby be achieved. 
[0072J Such a coating process is applicable to coatfag 
of various coating solutions for forming coating fftroto &g 
other than coating of tho resist for forming a res&tf 

ss tem. For example, if an insulating coating fi£m is psCcJui> 
coated, a contact hc3o can. bo formed simuJtsn<sciC^7 
with tho ©ost&jg. 

[0073]] As described abovQ, tn accordanco resOft Geo 
present invention, a pert cr aD off the thfn ff9nT3 C£ft .tea 
<o formed by applying and annealing q soCutfofl, hOTtsoo 
thin film device can be produced wi®& sn irtexps^^o 
production urrft having o high through^2» . 

[BRIEF DESCKOTCOW OF DRAWING 

Fig. 1 is a block diagram off a coating ffim depo£&~£5) 

unit used in a first embodtmerd fcre acoordsnco cC3o 
C9 the present fnver«Cs3G 

Fig. 2 is a block diagram off anothor coating SKm <£~p- 

osition unit used fea q first embedemsjti to ©csea&» 

anco vMi tfte preserca fovercfeis 

Fig. 3 is a cross-sections* view c? a coptert£7-<^o 
CD . YFY; • 

Fig. 4 is s cross-secticnaf view off q reverse stagg^ 

Fig. S is e Mock diagram off mln^rco-ttypo cstz&j® ' 
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film deposition unhused in a first embodiment in ac- 
cordance with the present invention; 
Fig. 6 is a block diagram of another in-line-type 
coating film deposition unit used in a first emtxxfi- 
ment in accordance with the present invention; « 
Rg. 7 is a block diagram of a silicon-coating film 
deposition unit used in a first embodiment in accord- 
ance with the present invention; 
Fig. 8 is a block diagram of another silicon-coating 
film deposition unit used in a first embodiment inao- 10 
cordance with the present invention; 
Fig. 9 is a flow chart illustrating a method for metal- 
plating onto an ITO coating film surface; 
Fig. 1 0 is a cross-sectional view of a production step 
of a coplanar-type TFT using an insulating layer « 
containing an impurity in accordance with the 
present invention; 

Fig. 1 1 is a cross-sectional view of a production step 
of a reverse stagger-type TFT using an insulating 
layer containing an impurity in accordance with the » 
present invention; 

Fig. 1 2 is a block diagram of a solution coating unit 
used in a first embodiment in accordance with the 
present invention; 

Fig. 13 is an outlined schematic view illustrating a » 
state of the solution coating unit of Rg. 12 after spin 
coating; 

Rg. 14 is a block diagram of another solution coat- 
ing unit in accordance with the present invention; 
* TTg.lS *BS r an enlarged partial view of the solution 
coating unit shown In Rg. 14; 
Rg. 16 is an enlarged partial view of the solution 
coating unit shown in Rg. 14; 
Rg. 1 7 is a schematic view of a TFT substrate form- 
ing a liquid crystal display device; * 
Rg. 18 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in 
accordance with a second embodiment of the 
present invention; 40 
Rg. 1 9 is a cross-sectional view taken along section 
M- of Rg. 18; 

Rg. 20 is a cross-sectional view illustrating a meth- 
od for making the active matrix substrate shown in 
Fig. IS; 4$ 
Rg. 21 is a cross-sectional view illustrating the fol- 
lowing steps after the steps shown in Rg. 20; 
Rg. 22 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in » 
accordance with a third embodiment of the present 
invention; 

Rg. 23 is a cross-sectional view taken along section 
JMT of Rg.22; 

Rg. 24 is a cross-sectional view illustrating the fc4- « 
lowing steps after the steps shown in Rg. 20 in the 
production of the active matrix substrate shown In 
Rg.22; 



Rgs. 25(A) and 25(B) are enlarged longitudinal 
cross-sectional views near contact holes of a com- 
parative example and an example in accordance 
with the present invention, respectively; 
Rg. 26 is 8 cross-sectional view of a structure fn 
accordance with a fourth embodiment of the . 
present invention, taken along section IMF of Fig. 
22; 

Rgs. 27(A) to 27(E) are cross-sectional views of a 
method for making the active matrix substrate 
shown in -Rg. 26; 

Rgs. 28(A) to 28(E) are cross-sectional views of the 
following steps after the steps shown In Fig. 27; 
Rg. 29 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device In 
accordance with a fifth embodiment of the present 
invention; 

Rg. 30 is a cross-sectional view taken along section 
UHtTofRg.2g; 

Rgs. 31(A) to 31(F) are cross-sectional views «ue- 
trating the following steps after the steps shown in 
Rg. 27 in the production of the active matrix sub- 
strate shown In Fig. 29; 

Rg. 32 is an enlarged plan view of a portion of a 
pixel region independently formed on en active ma- 
trix substrate for e liquid crystal display device In 
accordance with a sixth embodiment of the present 
invention; 

Rg. 33 is a cross-sectional view taken along section . 
IV4Vof Rg.32; 

Rgs. 34(A) to 34(D) ere cross-sectional views ttua- 
trating the following steps after the steps shown In 
Rg. 27 in the production of the active matrix sub- 
strate shown in Fig. 32; 

Rg. 35 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device In 
accordance with a seventh embodiment of tie 
present invention; 

Rg.36isacross^ectk)rialviewtakenekx»g6ec6on 
V-Vof Rg.35; 

Rgs. 37(A) to 37(C) are cross-sectional views ttue- 
trating the following steps after the steps shown In 
Rg. 27 in the production of the active matrix sub- 
strate shown in Fig. 3S; 

Rgs. 38(A) and 38(B) are schematic views of active 
matrix substrates for liquid •crystal display devices 
in accordance with another embodiment 
Rgs. 39(A) and 39(8) are enlarged longitudinal 
cross-sectional views near contact holes of a < 
parative example and an example in i 
with the present invention, respectively; 
Rg. 40 is a block diagram of a liquid crystal display 
device included in an electronic device in accord- 
ance with an eighth embodiment of the present ev 



Rg. 41 is an outlined cross-sectional view of a 
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jector as an example of the electronic device using 

the liquid crystal display device of Fig. 40; 

Fig. 42 is a schematic view of a personal computer 

as another example of the electronic device; 

Fig. 43 is an assembly view of a pager, as a further 

example of the electronic device; and 

Fig. 44 is a schematic view of a liquid crystal display 

device provided with a TCP. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0 075] The present invention will now be described fan 
detail with reference to the drawings. 

FIRST EMBODIMENT 

(Illustration of Thin Film Device Structure) 

[007(3]) Two examples of thin film devices including 
TFT8 are shown in Figs. 3 and 4* 
[00779 Fig. 3 is a cross-sectional view off Q TFT uotsg 
a coplanar-type porycrystalline silicon. An insulating utd- 
dertayer 12 is formed on a glass substrate, and a pc3y- 
crystalline silicon TFT is formed thereon. In Fig. 3, ttea 
porycrystalline silicon layer 14 comprises a source re- 
gion 14S and a drain region 14D which are highly doped 
with an impurity, and a channel region 14C therebo- 

tW©C3L 

[0 078J A gate insulating film 16 to formed on She 
la^SlITrie sfficon layer 14 arida gate electrode 18 and " 
a gate line (not shown in the drawing) ana formed Oso 
eon. A pixel electrode 22 composed of a transparent 
electrode film is connected to the drain region 140 
through an opening section formed in an interlevel insofi- 
lating film 20 and the gate insulating film 16 thereundsar. 
and a source line 24 is connected to the source regtott 
14S. A topmost protective film 26 may be omitted. Tfco 
insulating underiayer 12 is provided for the purpose ©J 
prevention contamination from the glass substrate HO 
and of conditioning of the surface for forming the poty- 
crystaliine silicon film 14, and may be omitted in soma 
cacco. 

[0079]) Fig. 4 is a cross-sectional view of a reveroQ 
stagger-type amorphous silicon TFT. An insulating ocrc- 
deriayer 32 is formed on a glass substrate 30, and on 
amorphous silicon TFT is formed thereon. The insu£3» 
ing underiayer 32 is often omitted. In Fig. 4, a layer era 
plurality of layers of gate insulating films 36 are formed 
under a gate electrode 34 and a gate line connected 
thereto. On the gate electrode 34, an amorphous silicon 
channel region 38C Is formed, and a source region §Q§ 
and a drain region 38D are formed by diffusing an ton- 
purity into the amorphous silicon. A pixel electrode 40 
is electrically connected to the drain region 38D through 
a metal lead layer 42, and a source line 44 is electrically 
connected to the source region 38S. The metal lead lay- 
er 42 and the source line are simultaneously formed. 
[0080]] A channel protective film 46 is formed on Sto 



channel region 38C to protect the channel region 3£€ 
during etching of the source region 38S and the drsffi 
region 38D, and may be omitted In some caeca. 
[0081J Figs- 3 and 4 show baste TFT structures, m$ 

s these structures may have a very wide range of mc*& 
cations. For example. In order to increase/the apertooo 
ratio in the coplanar-type TFT in 3, a second Into* 
level insulating film may be provided between the pfcc3 
electrode 22 and the source line 24 to decrease the gqp 

10 between the pixel electrode 22 and the source Grco 
Further, in order to decrease the wiring resistance otftoto 
gate line not shown En the drawing and the sourcQ Gro 
24 which are connected to the gate electrode 18 end CD 
increase the wiring length, the gate line and the scutod 

13 line may be formed of multiple layers. A Gght shield^ 
layer may be formed on cr under tft© TFT elemsftL Ca 
the reverse stagger-typo TFTfn Ftg. 4, the wiring Ereco 
and the insulating film may be formed of muHipSe teyeso 
for the purpose of improvemscna tn the aperture ro£sv>o 

20 decrease in the wiring resistamra end a decreagQ tft <£> 

[00823 Most of these rrrcdificatfons to the baste sCrco 
tures in Fig. 3 or 4 invoJve en Increase 6n the num5xc7<57 
thin layers deposited to form ttto 1IH. 
29 [0083]) The following exempts showo q case to wfcSsfo 
various thin films In the tWn ffim rrtonolithSc structoco 
shown in Figs. 3 and 4 are formed by coating farm rcte§£> 
require no vBcman cyoCcjUD. 

• 30 (Method for IFomtf^g Dnsulating Coating FDu$ 

[00843 Fcg. 1 shosra o coating film deposits 
which forms a thin fifcrai, o.g. en insulating film, by 
ing and annealing q scJutat). TTto soluten) wfc&fo 

93 comes the insulating film by annealing after coating (Sus- 
tains a polysilazane (generis name Cor polymers fosreftcg 
Si-N bonds). A typical pofysOazarte poryparhydrocf^ 
zane represented by [SiHaNHJj, wherein n Es an fntes£7. 
The compound fe commercial availatta urtdcxr Cto 

oo commercial name Tcnen Polysilazane 0 which fe msrfb 
by Tonen Corporatoa. aC^..g<roup3. o<®. ms£n#3 _ 
groups or ethyl group3, ©re substituted for hydrogca O 
oms in [SiHjNMjL,, fito cwnrtpmnt*) b caCcd C3©c3fe 
polysilazane to disfingu&ft Q tfrcm irorgarcie pc3ycC> 

43 zane. In this embodtmcstX Q fs prefferabSe eh©ttrtcr©C5u3 
polysilazaneo to acc^L 

[00851] After a porysBazsrto mfacd w5Ch o GofocJuT 
such as xylene, the sedition ts app!Betfl onto Q su&3fcc£D 
by spin coating. The coating fim te converted CoSEQ^tei/ 
so ■■ annealing cn e stecsnj- ©r oHyger*contairi&tg ©taoo- 

[00863 A film for comparison 2s a sp5rw»»-glass ^SO©) 
film which is converted Co an Insulating film by arotes^sg 
after coating. The SOG flEm composed cJ a .pcSj^cr 
53 having siloxane bonds ©8 Q bases structooo. Tto SD© 
polymers include organic poJymers having alkyi 0S©3£^3 
and inorganic polymers not having afayl grpwjjo,-©^ c3» 
cohols and the like are used ossoSve^TtoSO©^ 
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is used as an interievel insulating film in an.LSI for the 
purpose of planarization. The organic SOG film is read- 
ily etched during an oxygen plasma process, whereas 
the inorganic SOG film readily forms cracks even If ft 
has a thickness of several hundred angstroms, hence * 
these films are not used as a single layer of insulating 
film, but are used as a planarization layer on a CVD in- 
sulating film. 

[0087] In contrast, polysilazane has high crack resist- 
ance and oxygen plasma resistance, and can be used 
as a single layer of insulating film having an appropriate 
thickness. A case using polysilazane will now be de- 
scribed. 

[0088] in the present invention, at least one layer and 
preferably a plurality of layers in the thin film monolithic 
structure are formed of coating films other than the SOG 
film which has sfloxane bonds as a basic structure. Ad* 
ditional SOG films can be used within the range satisfy- 
ing the above conditioft. 

[0089] In Fig. 1, a loader 101 separately takes out a 
plurality of substrates stored in a cassette and moves 
the glass substrates onto a spin coater 1 02. In the spin 
coater 102, as shown in Fig. 12, a substrate 132 is fixed 
by vacuum on a stage 130, and then a polysilazane so- 
lution 138 is dropped onto the substrate 132 through a 
nozzle 136 of a dispenser 134. A mixed solution of 
polysilazane and xylene is stored in a container called 
a canister at a solution storage section 105 shown in 
Fi gs. 1 and 12. The mixed solution of polysilazane and 
xylenels^pplie^Wt^ 

storage section 105 through a feeding pipe 140 and Is 
coated onto the substrate. Then, as shown in Fig. 13, . 
the polysilazane solution 1 38 is extended onto the entire 
surface of the glass substrate 132 by the rotation of the 
stage 1 30. Most of xylene is evaporated in this process. 
A control section 1 06 shown in Fig. 1 controls the speed 
and time of rotation of the stage 130 to increase the 
speed to 1,000 rpm in several seconds, to maintain 
1,000 rpm for approximately 20 seconds, and to stop 
the rotation after several seconds. In such a coating con- 
dition, the polysilazane coating film has a thickness of 
approximately 7,000 angstroms. Next, the glass sub- 
strate is transferred to an annealing section 103 and en* 
nealed at a temperature of 100 to 350 °C for 10 to 60 
minutes in a steam atmosphere to modify the porystia- 
zane to SiO^ A temperature control section 1 07 controls 
the annealing step. The length of the annealing section 
103 and the capacity for holding the substrates In the 
annealing section 1 03 is determined so as to match tie 
tact time of the spin coater 102 with the annealing time 
in order to enhance the performance of the coating-type 
insulating film deposition unit (The tact time is the pe- 
riod from commencement of processing one substrate 
in the manufacturing device to the time that the next 
when processing of the next substrate can commence). 
Since the polysilazane solution contains, for example, 
xylene, and since hydrogen and ammonia form during 
the modification, at least the spin coater 102 and the 



annealing section 103 require a ventilating system 108. 
The glass substrate provided with the insulating film 
formed during the annealing process is stored into a 
cassette by an unloader 104. 

[0 090] The coating-type insulating film deposition unft 
of the present invention shown in Fig. 1 has a signifi- 
cantly simplified system configuration compared to con- 
ventional CVD systems, and thus the price of the unit Is 
remarkably decreased. Further, the unit has a higher 
throughput than the CVD systems, decreased mainte- 
nance, and a high net working rate. These advantages 
enables drastic cost reduction of liquid crystal display 
devices. 

[0091J The coating-type insulating film deposition unft 
shown in Fig. 1 can form all the insulating films shown 
in Fig. 3, that is, the insulating underiayer 12. the gate 
insulating layer 16, the interievel insulating film 20 and 
the protective film 26. When an additional insulating lay- 
er is formed between the pixel electrode 22 and the 
source electrode 24, the formation of the coating lira 
using the unit shown in Fig. 1 is particularly effective far 
planarization of the surface of the additional insulating 
layer. The insulating underiayer 12 and the protective 
film 26 may be omitted in some cases. 
[0092] Since the gate insulating film 16 is an important 
insulating film determining electrical characteristics of 
the TFT. interfacial characteristics between the film and 
the silicon film, as well as the film thickness and the Mm 
quality, must be c o ntr oBed. . 

10093] ^ In drderlo achieve such control, ft Is preferred 
to clean the surface of the silicon film 14 before forming 
the gate insulating film 16 by coating and to use a cose- 
ing-,type insulating film deposition unit shown in Fig. 2. 
The unit shown in Fig. 21s provided with a first annealing 
section 1 03 A having the same function as the anneafing 
section of the unit shown in Fig. 1, and a second a nn eal 
ing section 103B in front of an unloader 104. After the 
annealing in the first annealing section 103A, the sec- 
ond annealing section 103B preferably performs an an- 
nealing process at a temperature of 400 to 500 *C. 
which is higher than the annealing temperature of fte 
first annealing section 103A. for 30 to 60 minutes or an 
annealing process at a high temperature for a short pe- 
riod, such as lamp annealing or laser anneafing. 
[0094] As a result, the insulating films such as the gats 
insulating film 16 are further closed and have Improved 
film quality and interfacial characteristics compared to 
the annealing only in the annealing section shown in Fig. 
1. 

[0095] Regarding the interfacial characteristics, a 
CVD film formed in e vacuum atmosphere can be easfly 
controlled compared to the insulating coating film. Whan 
a high performance TFT Is required, therefore, the gats 
insulating film may be formed of e CVD film end the other 
insulating films in the TFT may be formed of insulating 
coating films in accordance with the present invention. 
[0096] In the TFT structure In Fig. 4, the insulating tav 
deriayer 32. the gate insulating film 36 and the channel 
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protective film 46 can use the insulating coating film of 
the present invention. 

(Method for Forming Silicon Coating Film) 

6 

[0097] Using a coating solution containing silicon par- 
ticles, which is stored in the solution storage section 1 05 
shown in Fig. 1 or 2, a silicon coating film can be formed 
using the same unit shown in Rg. 1 or 2. 
[0098] The size of the silicon particles contained in the 10 
coating solution ranges, for example, from 0.01 to 10 
urn. The size of the silicon particles is determined by the 
thickness of the silicon coating film. In the silicon parti- 
cles obtained by the present inventors, particles of ap- 
proximately 1 urn occupy 10%, and those of 10 \i m or *« 
less occupy 95%. The silicon particles having such a 
size distribution are further pulverized with a pulverizer 
to obtain silicon particles having a desired size distribu- 
tion. 

[0099] The silicon particles having a given size c5stn~ » 
bution are stored in the solution storage section 1 05 as 
a suspension in a solvent such as alcohol. The suspen- 
sion composed of the silicon particles and alcohol is <fie- 
charged onto a substrate transferred onto the spin coal- 
er 106 from the loader 105. The stage 130 Is rotated 25 
under the same coating condition as in the insulating 
coating film to extend the coating film of the silicon par- 
ticles on the substrate, wherein most of alcohol is evap- 
orated. 

0TO0] ' Next, the siffisirafe^^ 

ing section 1 03 or the first annealing section 1 03A under 
the same annealing condition as in the insulating coat- 
ing film. The silicon particles react with each other to 
form a crystallized silicon film on the substrate. 
[0101] In the case using the unit in Fig. 2, the sub- 3* 
strate is further annealed in the second annealing sec- 
tion 103B at a higher temperature than that in the first 
annealing section 1 03A. It is preferable that the anneal- 
ing be performed in a short time by laser annealing or 
lamp annealing. 40 
[0102] Reannealing in the second annealing section 
103B improves crystallinity and compactness in the eft- 
icon film and adhesion to other films, compared to the 
annealing only in the first annealing section 103A. 
[01 03] Figs. 5 and 6 are block diagrams of film depo- «« 
sition units for continuously forming a silicon coating film 
and insulating coating film. 

[0104] In the film deposition unit in Fig. 5, a loader 
101, a first spin coater 102A, a first annealing section 
103A, a second annealing section 103B, a second spin so 
coater 1 02B, an annealing section 1 03 and an unloader 
104 are in-line-connected. The first spin coater 102A is 
connected with a first solution storage section 10SA 
storing a suspension of silicon particles and alcohol and 
a first control section 106A. The second spin coater S5 
102B is connected with a second solution storage sec- 
tion 1 05B storing a mixed solution of polysilazane and 
xylene and a second control section 106B. 



[01 b5] When using the unit in Fig. 5, the number of 
loading and unloading steps each decreases once and 
the throughput is further improved. 
[0106] The film deposition unit in Rg. 6 is a modifica- 
tion of the film deposition unit in Fig. 5 in which the sec- 
ond annealing section 103B is placed after the anneeJ- 
injg section 103 for the insulating coating fflm. hi this 
case, the silicon film provided with ah insulating cap lay- 
er is crystallized in the second annealing section 1038 
by laser annealing or the tike. Since the insulating layer 
decreases reflectance of the silicon surface, the laser 
energy is effectively absorbed in the silicon film. Further, 
the silicon film has a smooth surface after the laser an- 
nealing. The annealing section 103 and the second an- 
nealing section 103B in Fig. 6 may be unified intoa com- 
mon annealing section. In this case, the common an- 
nealing section can simultaneously perform firing of the 
insulating coating film and annealing for crystallization 
of the silicon film thereon. 

(Another Method for Forming Silicon Coating FHm) 

[0107] Fig. 7 shows a coating-type silicon film depo- 
sition unit in which a silicon film is formed by coating and 
annealing of a coating solution. Monosilane (SiHJ and 
disilane (S^HJ are used for forming a sflicon fflm in a 
CVD process, whereas higher silanes such as disilane 
and trisilane (S\ Z H£ are used in the present invention. 
Boiling points of silanes are -111.9 °C for monosHane, 
~r4;5^Cf6rdisffi^ 106.1 *c 

for tetrasilane <Si 4 H 10 ). respectively. Monosilane and 
disilane are therefore gaseous at room temperature and 
pressure, whereas higher silanes such as trisilane are 
liquid. Since disilane is liquified at minus several tone 
°C, it can be used as a coating fBm. Hereinafter, a case 
using trisilane win be primarily described. 
[0108] In Fig. 7. after glass substrates are separately 
taken out by e loader 201 from a cassette and trans- 
ferred into a load lock chamber 202. the load lock cham- 
ber 202 is evacuated by a ventilating system 711. After 
evacuating at a given pressure, the glass substrata Is „ 
transferred onto a spin coater 203 which is also evacu- 
ated at a similar pressure, and trisilane In a trisilane stor- 
age section 207 is applied onto the glass substrate 
through a dispenser. The spin coater 203 rotates at a 
rate of 100 to 2,000 rpm for several seconds to 20 say 
onds to spin-coat trisflane. The glass substrate after 
spin-coating trisilane is immediately transferred toe first 
annealing section 204 having a similar reduced plea- 
sure as above, and annealed at 300 to 450 *C forsav- 
eral tens of minutes to form a silicon film with a thickness 
of several hundred angstroms. Then, the glass sub- 
strate is transferred to a second annealing section 205 
having a similar reduced pressure as above, and an- 
nealed at a high temperature for a short time by laser or 
lamp annealing, The silicon film Is thereby crystafttzed. 
After this, the glass substrata is transferred to a toad 
lock chamber 206, and Is transferred to en unloader 207 
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to a cassette after the load lock chamber 206 is released 
to atmospheric pressure with gaseous nitrogen. 
[0109) Preferably, two ventilating systems 211 are 
provided, that Is, one connected to the two load lock 
chambers 202 and 206 and the other connected to the 
spin coater 203 and the first and second annealing sec- 
tions 204 and 205. The spin coater 203. the first anneal- 
ing section 204 and the second annealing section 205 
are always evacuated by the ventilating system 211 to 
maintain a reduced pressure (near 1.0 to 0.5 atmos- 
pheres) of an inert atmosphere, in order to prevent leak- 
age of gaseous toxic silanes. The threshold limit value 
(TLV) of monosilane is 5 ppm. and It is considered that 
higher silanes such as disilane have similar TLVs. Si- 
lanes spontaneously burn at room temperature in air 
and explosively bum at high temperatures. Thus, at 
least the ventilating system 211 connected to the spin 
coater 203 and the first and second annealing sections 
204 and 205 is connected to an exhaust gas disposal 
unit 212 which makes silanes nontoxic The processing 
chambers 201 to 207 in Fig. 7 are coupled with each 
other with gate valves which open and close. when the 
glass substrate is transferred so that gaseous silanes 
do not flow into the two load lock chambers. 
[01 10J The main section of the spin coater 203 Is al- 
most the same as In Rg. 12, and in Rg. 7, preferably 
the temperature at the stage, on which the glass sub- 
strate is fixed by vacuum, is controlled by a temperature 
controlling section 210. The temperature is controlled to 
ri^* * "t c#r^^ j3 r^sit^ii^^iii^ * ^^rj^^'f t^t^^ ''^^Ip) jp^r^^^^^i^^^^^t^^l^^* *^^^l *C 
when using trisilane, or at -40 C C or less and preferably 
-60 °C or less when using disilane. It is preferable that 
the storage section 208 for disilane or trisilane and a 
feed line (not shown in the drawing) be controlled to a 
temperature similar to the stage temperature by the tem- 
perature control section 210. 

[01 11] Disilane or trisilane must be applied as a liquid 
at a temperature lower than its boiling point Since tris- 
ilane has a vapor pressure of approximately 0.4 aims, 
at room temperature and pressure and disilane has a 
vapor pressure of approximately 0.3 atms. at -40 °C and 
ordinary pressure, it is preferable that the temperature 
of the silane and substrate be decreased as much as 
possible in order to reduce the vapor pressure as much 
as possible. 

[0112] The spin coater 203 and the first and second 
annealing sections 204 and 205 may be pressurised 
with an inert gas in order to further reduce the vapor 
pressure of disilane or trisilane and improve the uniform- 
ity of the coating film. Since the boiling temperature of 
disilane or the like increases in the pressurized state and 
the vapor pressure decreases at a given temperature, 
the spin coater 203 can be set at a temperature higher 
than the above-mentioned temperature and near the 
room temperature. In this case, it is preferable that each 
chamber has a double layer structure in view of leakage 
of trisilane or the like, in which an outer structure is pro- 
vided out of the pressurized structure and leaked silane 



or the like in the outer structure is evacuated through 
another ventilating system. The exhaust gas is disposed 
in the exhaust gas disposal unit 212. 
[0113] Also, silane gas remaining in the spin coater 

5 203 and the first and second annealing section 204 end 
205 is evacuated by the ventilating system 21J. 
[0114] In Rg. 8. the silicon film deposition unit shown, 
in Fig. 7 and the insulating film deposition unit shown In 
Fig. 1 are in-line-connected to each other, to other 

io words, the spin coating section 102 and the anneafing 
section 1 03 shown in Fig. 1 are introduced between the 
second annealing section 205 and the load lock cham- 
ber 206 In Rg. 7. 

[0115] In Rg. 8, the steps to crystallizing the silicon 

is film in the second annealing section 205 by laser an- 
nealing are the same as the steps In the unit shown in 
Rg. 7. The crystallized silicon film is transferred onto the 
spin coater 1 02 to apply a porysilazane or inorganic 
SOG film. The coating fflm is modified Into an insulating 

20 film in the annealing section 103. 

[0116] The spin coater 203 and the first and second 
annealing sections 204 and 205 are under reduced 
pressure of an inert gas atmosphere as in Fig. 7. The 
spin coater 102 for the insulating film and the anneaing 

25 section 103 are under ordinary pressure in Rg. 1. 
whereas those in Rg. 8 are under reduced pressure of 
an inert gas atmosphere. These chambers are evacu- 
ated by the ventilating system 108. 
[0117] Thesniw>nfUmfc<medbymeunnsriownlnP^ 

30 8 is not exposed to open efr, since the insulating fibula 
formed on the silicon film in the inert atmosphere. The 
interface between the silicon film and the insulating fita 
is therefore controlled to determine characteristics of the 
TFT element resulting in improvement in the character- 

35 istics of the TFT element and uniformity of these char- 
acteristics. 

[0118] In Rg. 8 the Insulating film on the sBicon film is * 
formed after crystallization of the silicon film, however, 
the insulating film may be formed after the first anneafing 

40 step of the silicon film and the silicon film may be crys- 
tallized after anneafing of the insulating film. Also, in this 
case, the silicon film provided with the insulating cap lay- 
er is crystallized by laser annealing as in 'Fig. 8. Since 
the insulating film decreases the reflectance of the sV- 

49 con surface, laser energy is effectively absorbed in the 
silicon film. The silicon fiJm has a smooth surface after 
the laser anneafing. 

(Method for Diffusing Inipurfty info Silicon Coating F*») 

90 

[0119] Although an impurity may be diffused into ee3- 
icon film using a conventional ion implanting system, ft 
is preferable that an insulating layer containing an Im- 
purity be applied onto the silicon layer and then the im- 
55 purity be diffused into the underlying silicon fern. 

[0120] The insulating layer containing the impurity 
may be formed by the unit shown in f^g. 2. in this em- 
bodiment, an SOG film containing phosphorus glass or 
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boron glass is applied as a coating film containing. an 
impurity. When forming an N-type high-impurity region, 
the SOG film as a coating film containing an impurity is 
formed using a solution composed of a siloxane polymer 
and an ethanol or ethyl acetate solvent (Si content sev- 
eral wt%), and containing several hundred ug of P2O0 
per 100 ml of solution. In this case, the coating solution 
is stored in the solution storage section 105 in Fig. 2 and 
applied onto the substrate by the spin coater 102. The 
substrate on the spin coater 1 02 is rotated at several 
thousand rpm to obtain an SOG film with a thickness of 
several thousand angstroms. The coating film contain- 
ing the impurity is annealed at 300 to 500 °C in the first 
annealing section 103A to form a phosphorus glass film 
containing several mol percent of P 2 0$. The TFT sub- 
strate provided with the phosphorus glass film is an- 
nealed in the second annealing section 103 at a high 
temperature for a short time by laser annealing, such 
that the impurity in the SOG film is diffused into the un- 
derlying silicon film and a high impurity region is formed 
in the silicon film. The TFT substrate is stored into a cas- 
sette by the unloader 104. 

[0121] In the formation of the source and drain re- . 
gions, both the coating step and the annealing step at 
a high temperature for a short time can be completed 
within one minute, resulting in high productivity. Al- 
though the annealing step requires several tens of min- 
utes, the tact time can be reduced by optimizing the 
length and structure of the annealing oven. 
~[01 22] FigjsTTTFal^lTn^ of" 
TFTs provided with the coating film containing the impu- 
rity. Fig. 10 shows a coplanar-type TFT corresponding 
to that in Fig. 3, in which an insulating underlayer 12 Is 
formed on a glass substrate 14. and a silicon layer 14 
is pattern-formed thereon. A gate insulating film 16 is 
removed by etching using 8 gate electrode 18 es a 
mask, a silicon layer is temporally exposed in regions 
which wit) be a source and a drain. The coating film 50 
containing the impurity is formed so as to come into con* 
tact with the source and drain regions 14S and 14D in 
the silicon film. Phosphorus contained in the coating film 
50 is diffused into the silicon film by the high-tempera- 
ture, short-time annealing step and N-type source and 
drain regions 14S and 14D having sheet resistances of 
1 Kn/sheet are formed. 

[0123] As shown in the cross-sectional view of the 
TFT shown Fig. 3, the following steps include forming 
an iriterievel insulating film, providing a contact hole, 
forming a pixel electrode and forming source wiring. In 
the formation of the interievel insulating film, the inter- 
level insulating film may be formed of a coating film after 
the coating film 50 containing the impurity is removed* 
or the interievel insulating film may be formed on the 
coating film 50 containing the impurity. Since the method 
for forming the interievel insulating film on the coating 
film 50 containing the impurity form two insulating lay- 
ers, the occurrence of short-circuits between the source 
line and the gate line in the liquid crystal display device 



is decreased. 

[0124] Fig. 11 shows a reverse stagger-type TFT cor- 
responding to that in Fig. 4, in which an insulating un- 
derlayer 32 is formed on a glass substraje 30. and a 

9 gate electrode 35 is formed thereon. A silicon layer 33 
is pattern-formed through a gate Insulating film. An in- 
sulating film 52 functions as a protective film in the chan- 
nel region and also as a mask to impurity diffusion, and 
is formed of an insulating coating film. 

10 [0125] An insulating fDm 54 containing an impurity la 
formed as an insulating coating film in contact with the 
insulating film 52 as the mask and regions of the silicon 
film 33 which will be a source region 33S and a drain 
region 33D. When the insulating film 54 containing the 

15 impurity is annealed at a high temperature for a short 
time, phosphorus contained in the insulating film Is de- 
fused into the silicon film 33 and N-type source and drain 
regions 33S and 33D having sheet resistances of ap- 
proximately 1 Kn/sheet are formed. 

20 [0126] As shown in the cross-settfbnaJ view of the 
TFT shown Fig. 4, after the Insulating film 54 cont aining 
the impurity is removed, a pixel electrode, source wiring, 
a drain electrode and connecting sections are formedln 
that order. 

25 [0127] In accordance with the present invention, the 
source and drain regions in the coplanar-type TFT are 
formed by forming a coating film and the succeeding 
high-temperature, short-time annealing instead of a 
conventional ion implanting or en ton doping, hence a 

30 TFT^calTb^'matfe using 'aWThei^risive unit ^^-jO* 
high throughput In the reverse stagger-type TFT shown 
in Fig. 4. the source and drain regions are formed by the 
high-temperature, short-time annealing step instead of 
the CVO process, hence a liquid crystal display device 

35 can be made using an inexpensiv e uni t having a high 
throughput as in the coplanar-type TFH 

(Method for Forming Conductive Coating Fim) 

40 [0128] A method for forming a conductive coating Mm 
by applying a solution containing conductive particles 
will now be described. The conductive coating film la el- 
se made using the unit shown in Fig. 1 or Rg. 2. 19m 
liquid stored in the solution storage section 105 in Fig. 

49 1 or Fig. 2 is a suspension of conductive fine particles 
made of metal or the like In, for example, an organic eot- 
vent For example, e dispersion of silver particles wflh 
a size of 80 to 1 00 angstroms in an organic solvent, such 
as terpineol or toluene, is discharged onto the substrate 

so through the spin coater 102. The substrate is rotated at 
1 ,000 rpm to spin-coat the coating solution on the eut>- 
strate. The substrate is annealed at 250 to 300 •CJnUie 
annealing section in Fig. 1 or the first annealing section 
in Fig. 2 to form e conductive fDm with a thickness of 

65 several thousand angstroms. Examples of conductive 
materials include Au, Al. r«,Co. Cr and Tip, and aeon- 
ductive film can be formed of particles of these materiaJa 
using the conductive coating fDm deposition ur*. 
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[01 29J Since the resulting conductive film is an aggro- 
gate of fine particles and is very active, the spin coatee 
102, the annealing section or the first annealing section 
103A must be in an inert gas atmosphere. 
[01 30J The resistance of the conductive coating film 
will be greater by one order of magnitude than the baUk 
resistance. In this case, the conductive coating film may 
be further annealed at 300 to 500 °C in the second ant- 
'nealing section 103B shown in Fcg. 2 to decrease ©to 
resistance of the conductive film. At the same time, the 
contact resistance of the source region of the TFT with 
the source line formed of the conductive coating film, 
and the contact resistance of the drain region with the 
pixel electrode formed of the conductive coating film can 
be decreased. Introduction of a high-temperature, short-- 
time annealing step by lamp or laser annealing will far- 
ther decrease the resistance of the conductive coating 
film and the contact resistances. Further, a plurality ctf 
layers comprising different metals may be formed fcfl col- 
der to improve reliability. Since Ag is relatively easily ox- 
idized in air, the formation of an Al or Cu layer, which €3 
barely oxidized in a£r, on the Ag layer is preferabSa. 

(Method for Forming Transparent ElectrodoJ 

[01 3D J A method for a transparent electrode using 
ITO coating film win now be described. Tho BTO coaCrcg 
film may also be formed using the unit shown in Fig. 2. 
The coating solution used in this embodiment contate 
T^%"oTfi'7™xfu^ aria 'an ofSSfitfCtf 

in a ratio of 97:3 in xylene (for example, mad® by Asc£3 
Denka Kogyo K.K.. trade name: ADEKA ITO coating 
film/lTO-130L). The rat&o of the organic indium to tftoe*- 
ganic tin in the coating solution may be in a range from 
99:1 to 90: 10. The coating solution is stored in the so- 
lution storage section 1 05 in Ftg. 2. 
[01 32J The coating solution is discharged onto tho 
substrate by the spin coater 1 02 and spin-coated by tho 
rotation of the substrsrfb. 

[01 333 The annealing conditions of the coating film 
were as follows. First, the substrate was annealed tn ®?d 
air or oxygen atmosphere at 250 0 C to 450 0 C for 2© 
minutes to 60 minutes in the first annealing sectem 
shown in Fig. 2. Next, ft was annealed in a hydrogen 
containing atmosphere at 200 °C to 400 °C for 30 csda- 
utes to 60 minutes fin the second annealing section) 
103B. As a result, organic components are removed arcd) 
.a mixed film (ITO film) composed of indium oxide and 
tin oxide is formed. After the above-mentioned annedJ- 
ing steps, the ITO film with a thickness of approximately 
500 angstroms to 2,000 angstroms has a sheet res&G- 
ance of 10 2 n per sheet to 10 4 H per sheet and a Kgltet 
transmittance of 90% or more, and exhibits satisfactory 
characteristics as th® pixel electrode. Although tho 
sheet resistance of the ITO film after the first annealing 
step is of the order of 1 0 s Q per sheet to 1 0 6 O per shecS, 
the sheet resistance after the second annealing step in- 
creases to the order 0? 10 2 Q per sheet to 10 4 Q pc? 



sheeS. 

[01343 Regarding the formation of the ITO coatifftg 
film, the ITO film and the insulating coating film can Bio 
formed by an in-line process using the unit shown in Rg. 

9 5 or Fig. 6. The active ITO film surface can therefor® too 
immediately protected with the insulating fca. 

(Method for Forming Conductive Layer) 

10 [0 1 3SJ This method includes the formation of a m©t£3 
plating layer on tho UTO coating VEm. 

[0136J Fig. 9 is a flow chart of Nl plating on tho OTO 
coating film. In Step 1 of FSg. 9, the ITO film is formed 
by the above-mentioned method. In Step 2. the surfecD 
of the ITO coating film Is slightly etched to activate ©to 
surface. In Step 3, as pre treatment for Ni plating in Sfccp 
4, a Pd/Sn complex is adhered onto the surface of ©to 
ITO coating film and then Pd is precipitated on the cs£> 
feoo. 

50 [01 37]) In the Ni plating of Step 4, Pd precipitated <sa 
the ITO coating film is replaced with Ni to form a Ni 
ing layer by, for exampSe, an electroless plating proccoa 
The Ni plating layer wiB become more dense by anfcsc3» 
ing in Step 4. Finally, bi Step §, a noble metal pteteg 

28 layer, for example, an Au plating layer, as an antioxidCTl 
layer is formed on the Ni plating teyer to ftwm ® ©cr«fcc&- 
tive layer. 

[0138]) Conductive layers other than the transpscoti 
electrode can be formed from the 8TO coating fifrn focco 
-»* " by forming pmhffWSfX:'' 

(Coating Method other than Spfo Coating]) 

[0139J Figs. 14 to 13 shes* q ooattng un3t whct& C£> 

33 plies a solution formcrtg @ tftSn to or a resist scSwtoa 
used as a mask in photoresist etching. On th5s em(ta£3- 
ment, a resist is exemplified as tho solution to be co&fc^L 
The coating unit can be also applied to the fbrmattara <§? 
various coating films other than tho resist coating, to 

40 14, a substrate 302 is fixed by vacuum on a stag® 

The resist is supplied to a dispenser head 304 ttwtacg^ 
a feeding pipe 306 from Q scJutccn storage sector* SW. 
The resist is applied onto ffce substrate 302 ©s rur^o 
ous dots 303 from a plura% of nozzles 305 provk2s£)<£fl> 

cq the dispenser head SSff. 

101403 Fig. 15 is a detailed cross-sectkmal view ©tfCto" 
nozzle 305. The nozzte otouctorafcaiRg. 13 la simter C§> 
that of an ink jet printer, ©rtd the resist ts discharged 637 
vibration of a piezoelectric eCsm^L The resist rescftco 

so 8 cavity section 313 through wt inlet secttoaSII a 
supply port 312. A vibration plate 315 moves tn^oepe^ 
ation with vibration ©7 a piezoelectric element 314 ta 
close contact with the vibration plate 315 and the votoEO 
in the cavity 31 3 decreases m tncreases. When tho^s3» 

S3 ume in the cavity 313 decreases, the resist is discharge 
from the nozzle 316, and when «ho volume tn the csrc&s? 
'313 increases the resfeS & suppScsd to tho cav% SflS 
from the supply pert 312. Ao shown tn<R&. 10, €sr a> 
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ample, a plurality of nozzles 3 1 6 are two-dimensiorialry 
arranged, the resist is applied onto the entire substrate 
as dots by relative movement of the substrate 302 or the 
dispenser 304, as shown in Fig. 14. 

[0141J In Fig. 16, the array pitches of the nozzles 316 « 
are several hundred \urn for the transverse pitch P1 and 
several mm for the longitudinal pitch P2. The nozzle 316 
has a bore of several tens of um to several hundred um. 
The volume of the resist discharged in a cycle ranges 
from several tens of ng (10* 9 g) to several hundreds ng 10 
(10- 9 g). the diameter of the discharged droplet ranges 
from several tens of um to several hundred urn. The ap- 
plied resist dot has a circular shape of several hundred 
urn immediately after K is discharged from the nozzle 
305. When applying [the resist onto the entire substrate, *« 
the pitch of the dots 303 is set to several hundred um 
and the substrate is rotated at several hundred to sev- 
eral thousand rpm for several seconds to form a coating 
film having a uniform thickness. The thickness of the 
coating film can be controlled by the bore of the nozzle 20 
31 6 and pitch of the dots 303, as well as the rotation rate 
and time of the substrata. 

[0142] The resist coating process is an ink jet-type liq- 
uid coating process and the resist is applied onto the 
entire substrate as dots. Since the substrate is moved 25 
or rotated so as to apply the resist to nonresist portions 
between dots 303, the resist is effectively used. This 
process is also applicable to the formation of the insu- 
lating film, silicon film and conductive film instead of the 
^oatingprocessrand^s^reatr/corit^^^ — 3^ 
ductions of liquid crystal display devices. 
[0 1 43J Since the bore of the nozzle 31 6 can be further 
decreased in the ink jet-type liquid coating, the solution 
can be applied to form a linear pattern with a width of 
10 to 20 urn. Use of this process in the formation of the *s 
silicon film or a conductive film permits direct patterning 
which requires no photolithographic process. When the 
design rule of the TFT is several tens of urn, a combi- 
nation of the direct patterning with a coating-type thin 
film deposition process permits producing liquid crystal 
display devices without a CVD system, a sputtering sys- 
tem, an ion implanting system, an ion doping system, 
an exposure system and an etching system. In other 
words, liquid crystal display devices can be produced 
by an ink jet-type liquid coating unit in accordance with *3 
the present invention and an annealing unit such as a 
laser or lamp annealing unit 

[0144] In the first embodiment, although a TFT active 
matrix substrate is exemplified as a thin film device* the 
technologies in the first embodiment is also applicable so 
to other active matrix substrates, two-terminal and 
three-terminal elements as pixel switching elements 
composed of MIM (metal-insulator-metal) or MIS (met- 
al-insulator-silicon). For example, the thin film monofilh- 
ic structure of an MIM active matrix substrate includes » 
no semiconductor layer, and consists of a conductive 
layer and an insulating layer, and the present invention 
are also applicable to such a case. Further, the present 



invention is applicable to various display devices other 
than active matrix substrates, for example, an electro- 
luminescence device. In addition, the present invention 
is applicable to thin film devices having various thin f*n 
monolithic structures comprising a conductive layer, an 
insulating layer and a semiconductor layer, suet) as 
semiconductor devices including TFTs and DMDs (dig- 
ital mirror devices). 

[0145] Second to Seventh Embodiments win now be 
described in which the present invention is applied to 
active matrix substrates for liquid crystal display devices 
and, in particular, pixel electrodes are formed by con- 
ductive coating films. 

Second Embod im en t 

[0146] Fig. 18 is an enlarged partial plan view of pixel 
regions formed on an active matrix substrate for a liquid 
crystal display device, and Fig. 19 is a cross-eectionaf 
view taken along section W of fig. 1ft. 
[0147] In Figs. 18 and 19. the active matrix substrate 
400 for the liquid crystal display device is divided into a 
plurality of pixel regions 402 by data lines Sn, Sn*1 — 
and scanning lines Gm,<3m+1 on an insulating sub- 
strate 410, and each of the pixel regions 402 is provided 
with a TFT 404. The TFT 404 is provided wfth a channel 
region 417 forming a channel between a source region 
414 and a drain region 416, a gate electrode 415 op- 
posing to the channel region 417 with a gate insulating 
^lm-413^ormed^eTet»1weer^ Insulating 
film 421 formed on the top face of the gate electrode 
415, a source electrode 431 electrically connected to the 
source region 414 through a contact hole 421 A formed 
in the interievel insulating fUm421. and a pixel electrode 
441 composed of an ITO film which is eleobicaly con- 
nected to the drain electrode 416 through a contact hole 
421B formed in the interievel insulating film 421. The 
source, electrode 431 is a part of the data lines Sn, So 
♦ 1 , and the gate electrode 415 is a part of the scan- 
ning lines Cm, GnHi _ 

[0148] The pixel electrode 441, as wefl as the source 
electrode (data line) 431. is formed on the interievel In- 
sulating film 421. The pixel electrode 441 is therefore 
formed such that the peripheries 441 A and 441 B paraM 
to the data lines Sn and Sn ♦ 1 fie at positions consid- 
erably inside the data fines Sn and Sn ♦ 1 to prevent the 
occurrence of shoft-tifcufts between these electrodes. 
[0149] Figs. 20(A) to 20(D) and Figs. 21 (A) to 21(C) 
are cross-sectional views illustrating manufacturing 
steps of the active matrix substrate in this embodiment 
[0150] In the production of such an active matrix sub- 
strate 400, first a general-purpose nonalkaline glass Is 
prepared as the insulating substrate 410, as shown In 
Fig. 20(A). After the insulating substrate 4101s cleaned, 
a protective underlayer 411 composed of a silicon oxide 
film is formed on the insulating substrate 410 by a chem- 
ical vapor deposition tCVD) process or e physical vapor 
deposition (PVD) pfOcess.€xampies of CVD p r o cess e s 
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include a low pressure CVD (LPCVD) process and a 
plasma enhanced CVD (PECVD) process. A typical 
PVD process is a sputtering process. The protective urv 
derlayer 11 may be omitted in view of impurities con- 
tained in the insulating substrate 410 and cleanliness 
on the substrate surface. 

[0151J Next an intrinsic semiconductor film 406, such 
as a silicon film, which should be an active layer of the 
TFT 404, is formed. The semiconductor layer can be al- 
so formed by a CVD or PVD process. The resulting sem- 
iconductor film 406 can be used as an amorphous sili- 
con semiconductor layer, such as a channel region of 
the TFT. Alternatively, as shown in Fig. 20(B), the sem- 
iconductor film 406 may be irradiated with optical energy 
such as laser fight or electromagnetic energy to promote 
crystallization. 

[0152] After a resist mask having a given pattern is 
formed, the semiconductor film 406 is patterned using 
the resist mask to form insular semiconductor films 412, 
as shown in Fig* 20(C). After forming the semiconductor 
films 412, a gate insulating film 413 is formed by a PVD 
or CVD process. 

[01 53] A thin film as a gate electrode composed of an 
aluminum film or the like is formed by a sputtering proc- 
ess. In general, the gate electrode and gate lead are 
formed of a common metal material by the same proc- 
ess. After depositing the gate electrode thin film, as 
shown in Fig. 20(D), gate electrodes 415 are formed by 
patterning. Scanning lines are also formed in this step. 

-Impurity lons^relntrcKiucep^lnto'each-semiconductor 
film to form a source region 414 and a drain region 416. 
A section not doped with impurity ions functions as a 
channel region 417. Since the gate electrode 415 func- 
tions as a mask of Ion Implanting in this method, the TFT 
has a self-alignment structure in which the channel re- 
gion 417 is formed only under the gate electrode 415; 
however, the TFT may be an offset gate structure or en 
LDD structure. Impurity ions may be introduced by an 
ion doping process which implants hydride of the impu- 
rity element and hydrogen using a mass-nonseparation- 
type ion implanting system, or by an ion implanting sys- 
tem which implants only predetermined impurity ions us- 
ing a mass-separatiorvtype ion implanting system. Ex- 
amples of material gases used in the ion doping process 
include hydrides of implanted impurities, such as phos- 
phine (PH3) and diborane (BjHW which are diluted In 
hydrogen to a concentration of approximately 0.1%. 
[0154] Next, as shown in Fig. 21(A) an interlevel in- 
sulating film 421 composed of a silicon oxide film 1s 
formed by a CVD or PVD process. After ion implantation 
and forming the interlevel insulating film 421 , the inter- 

. level insulating film 421 is annealed at a temperature 
350 °C or less for several tens of minutes to several 
hours in a given thermal environment to activate the Im- 
planted ions and to bake the interlevel insulating film 
421. 

[0155] Next, as shown in Fig. 21(B). contact holes 
421 A and 421 B are formed at positions of the interlevel 



insulating film 421 corresponding to the source region 
414 and the drain region 416. An aluminum film or the 
like is formed by a sputtering process, and patterned to 
form a source electrode 431. A data line is also formed 
S in this step. ' 

[0156] Next, as shown in Fig. 21(C), an ITO film 408 
is formed on the entire interlevel insulating film 421 by 
a coating process. 

[01571 Various liquid or paste coating materials can 
10 be used in the coating process. Among these coating 
materials, liquid materials are applicable to a dipping or 
spin coating process, paste materials are applicable to 
a screen printing process. The coating material used In 
the Second Embodiment contains 8% of a mixture of en 
18 organic indium and an organic tin In a ratio of 97:3 in 
xylene (for example, made by Asa hi Denka Kogyo KJC, 
trade name: ADEKA ITO coating film/iTO-130L), as In 
the First Embodiment, and is spin-coated on the top face 
of the insulating substrate 410 (on the interlevel insula*- 
20 ing film 421). The ratio of the organic indium to the or- 
ganic tin in the coating material may be in a range from 
99:1 to 90:10. 

[0158J In the Second Embodiment, the film coated on 
the insulating substrate 410 is annealed (baked) after 

28 removing the solvent and drying It After the tUm Is an- 
nealed in an air or oxygen atmosphere at 250 *C to 450 
°C for 30 minutes to 60 minutes, it is reannealed In e 
hydrogen atmosphere at 200 *C to 400 *C for 30 min- 
utes to 60 minutes. As a result, organfc components ere 

30 -removed ^and^a mixed ffim (fTOfilm)of indium oxide end 
tin oxide is formed. After the above-mentioned anneal 
ing steps, the ITO film with a thickness of approximately. 
500 angstroms to 2,000 angstroms has a sheet resist 
a nee of 1 0 2 Q per sheet to 1 0 4 O per sheet and e light 

35 transmittance of 90% or more, and exhibits satisfactory 
characteristics as the pixel electrode 441. Although Ma 
sheet resistance of the ITO film after the first annealing 
step is of the o rder of 1 0 s O per sheet to 1 0 6 O per sheet, 
the sheet resistance after the second annealing step de- 

40 creases to the order of 10* O per sheet to 10 4 O per 
sheet 

[0159J After forming the ITO «m 408 in such e man- 
ner, the pixel electrode 441 is formed by patterning, as 
shown in Rg. 19, and thus e TFT 404 Is formed In fhm' 

45 pixel region 402. When the TFT 404 Is driven by conM 
signals supplied through the scanning ins Cm, image 
information for displaying b input to the liquid crystal cei 
encapsulated between the pixel electrode 441 end a 
counter electrode (not shown fn the drawings) from Ihe 

» data fine Sn through the TFT 404. 

[0160] In the Second Embodiment as deserted 
above, since a liquid coating material is applied onto the 
insulating substrate 410 by e coating process, suohes 
a spin coating process, which is suitable for treatment 

55 of large substrates, to form the ITO film for forming the 
pixel electrode 44t, the ITO «m can be formed by en 
inexpensive system, without using a large film deport- 
tion system provided withe vacuum unit, such as s epuft- 
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tering system. 

(01 61 J In the coating method, the liquid or paste coat* 
ing material fills up the contact hole 4218 as shown In 
Fig. 25(B) when it is applied onto the interievel insulating 
film 421, the surface shape of the resulting pixel elec- 
trode 441 is barely affected by the unevenness of the 
layers thereunder. As a result, a flat pixel electrode 441 
(conductive film) with no surface steps can be formed, 
rubbing can be stably achieved, and the occurrence of 
reverse- tilt domains can be prevented. According to the 
Second Embodiment, the display quality is improved. 
[01 62} ,n contrast, when the pixel electrode is formed 
with an ITO sputtering film 450 as shown in Rg. 25(A), 
the resulting ITO sputtering film 450 has steps in 
sponse to the steps of the surface thereunder. Such 
steps on the ITO sputtering film 450 result in unstable 
rubbing and the occunence of reverse-tilt domains, and 
thus decreases display quality. Further, the ITO sputter- 
ing film is barely formed so as to fill up the entire contact 
hole 421 B, hence an opening Is formed there. Such an 
opening also results in unstable rubbing and the occur- 
rence of reverse-tilt domains. Accordingly, it is useful to 
form a pixel electrode 441 by an ITO coating film, as 
shown in Fig. 25(B). 

Third Embodiment 

[0163] Rg. 22 is an enlarged partial plan view of pixel 
regions formed on an active matrix substrate for a liquid 
crystal display device, and Fig. 23 is a cross-sectional 
view taken along section IHP of Rg. 22. 
[0164J In Rgs. 22 and 23. differences between the 
thin film device configuration on the active matrix sub- 
strate 401 for the liquid crystal display device in accord- 
ance with the Third Embodiment and the thin film device 
configuration on the active matrix substrate 400 for the 
liquid crystal display device in accordance with the Sec- 
ond Embodiment are as follows. 
[0165] The Third Embodiment employs a double-lay- 
er-structure interievel insulating film including a lower 
interievel insulating film 421 formed on a gate electrode 
415 and an upper interievel insulating film 422 formed 
on the lower interievel insulating film 421. A source elec- 
trode 431 is therefore formed on the lower interievel in- 
sulating film 421 and is electrically connected to a 
source region 414 through a contact hole 421 A in the 
lower interievel insulating film 421. 
[01 66] On the other hand, a pixel electrode is formed 
on the upper interievel insulating film 422. and is elec- 
trically connected to a drain region 416 through a con- 
tact hole 422A in the upper interievel insulating film 422 
and the lower interievel insulating film 421. Since the 
pixel electrode 441 and the source electrode 431 are 
formed on different layers from each other, these elec- 
trodes do not short-circuit each other. 
[01 67] In the Third Embodiment, as shown in Rg. 22. 
two peripheral sides 441A and 441B, parallel to data 
lines Sn and Sn+1, respectively, of the pixel electrode 



441 in each pixel region 402 lie above the data lines Sn 
and Sn+1 . Further two peripheral sides 441 C and 441D, 
parallel to scanning fines 6m and Gm*1, respectively, 
of the pixel electrode 441 lie above the scanning lines 

5 Gm and Gm+1. In other words, a part of the pixel elec- 
trode 441 is formed on the data lines Sn pnd Sn*1 and 
the scanning lines Gm and Gm*1. No gap is therefore 
formed between the four peripheral sides 441 A to 441D 
and the data lines Sn and Sn*1 or the scanning fines 

10 Gm and Gm+1 in the plan view. As a result, the data 
lines Sn and Sn-M and the scanning lines Gm and GnHi 
function as a black matrix, and high quality display can 
be achieved without providing additional steps for form- 
ing a black matrix layer. 

19 [0168J The manufacturing process of such an active 
matrix substrate 401 also include the steps shown in 
Rgs. 20(A) to 20(D) for the Second embodiment The 
following steps after the steps shown in Figs. 20(A) to 
20(D) will be described with reference to Figs. 24(A) to 

20 24(D). 

[01 69] As shown in Fig. 24(A), after forming a source 
region 414, a drain region 416, a channel region 417. • 
gate region 413 and a gate electrode 415. a tower inter- 
level insulating film 421 composed of a silicon oxide Mm 

29 is formed by a CVD or PVD p r ocess, 

[0170] Next, as shown in Fig. 24(B). a contact hois 
421 A is formed at a position of the lower interievel Insu- 
lating film 421, corresponding to the source region414. 
An aluminum film is formed by a sputtering process and 

90 then is patterned to form a source electrode 431 and 
data lines Sn,Sn*1„ 

[0171] Next, as shown In Fig. 24(C). an upper inter- 
level insulating film 422 composed of a silicon oxide «m 
is formed on the lower interievel insulating film 421 by 
35 a CVD or PVD process. A contact hols 422A is formed 
at positions of the lower interievel insulating film 421 end 
the upper interievel insulating film 422. corresponding 
to the drain region 410. 

[0172] Next, as shown In Fig. 24(D). an ITO film 40© 
40 is formed by coating on the entire surface of the inter 
level Insulating film 422. 

[0173] The coating film can be also formed with wart- 
ous liquid and paste coating materials as In the First and 
Second Embodiments. Among these coating materials. 

45 liquid materials are applicable to a dipping or spin coat- 
ing process, and pasts materials are applicable to a 
screen printing process. In the Third Embodiment, the 
resulting ITO coating «m 400 is subjected to first and 
second annealing proc es s es as described above to da- 

90 crease Its sheet resistance. 

[0174] Then, the ITO film 409 is patterned to form a 
pixel electrode 441 as shown in Fig. 23. As described 
with reference to Fig. 22, in each pixel region 402. the 
ITO film 409 is patterned such that the four peripheral 

65 sides 441 A to 441D of the pixel electrode 441 lie above 
the data lines Sn and Sft+1 end the scanning fines <5m 
and Gm+1. Since the data lines and the scanning ines 
are generally formed of a metal Sm, these date fines 
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and scanning lines can be used as a black matrix. As a 
result high quality display can be achieved without fur- 
ther steps. 

[0175] Further, the pixel region 441 is expanded as 
much as possible so as to overlap with the data lines 
and the scanning lines, hence the pixel region 402 has 
a high aperture ratio. The display quality is further im- 
proved thereby. 

[0176] In the Third Embodiment, since the ITO film for 
forming the pixel electrode 441 is formed on the insulat- 
ing substrate 4 1 0 by a spin coating process (coating «m 
deposition method) which is suitable for treatment of a 
large substrate, using a liquid coating material, the pixel 
electrode has, as shown in Fig. 25(B), a large thickness 
at an indented portion of the lower layer and a small 
thickness at a protruding portion of the lower layer. As 
a result, unevenness due to the data lines is not reflect- 
ed on the surface of the pixel electrode 441 . The forma- 
tion of a flat pixel electrode 441 without surface steps 
can stabilize rubbing and prevent the occurrence of re- 
verse-tilt domains. Such advantages hold on the upper 
layer side of the scanning lines. The present invention 
therefore improves display quality. 
[0177] Further, since a liquid coating material is ap- 
plied onto the insulating substrate 410 by a spin coating 
process, the ITO film for forming the pixel electrode 441 
can be formed by an inexpensive film coating system, 
differing from a sputtering process requiring a large film 
deposition system provided with a vacuum untL 
[0178] Additionally, the coating method has excellent 
characteristics for covering steps, hence large uneven- 
ness of the contact holes 421 A and 422A in the lower 
and upper interievel insulating films 421 and 422 does 
not affect the surface shape of the pixel electrode 441 
(ITO film). Since the two interievel insulating films, that 
is, the lower interievel Insulating film 421 and the upper 
interievel insulating film 422 are formed, a flat pixel elec- 
trode 441 without surface steps can be formed regan*- 
less of large unevenness due to the contact holes 421 A 
and 422A. In such a configuration, the pixel electrode 
441 is directly connected to the drain region 416 and no 
repeater electrode (via) electrically connected to the 
drain region 416 is formed between the lower interievel 
insulating film 421 and the upper interievel insulating 
film 422, resulting in simplified production steps. 
[0179] In the formation of the pixel electrode In the 
Third Embodiment, although a spin coating process Is 
employed to form the ITO film using a liquid coating ma- 
terial, the ITO film can be formed by a printing process 
using a paste coating material. Since the paste coating 
material can also be applicable to a screen printing proc- 
ess, a paste coating material is applied onto only the 
region forming the pixel electrode 441, followed by dry- 
ing and annealing, and the printed region can be used 
as the pixel electrode 441 without further steps. Since 
patterning of the ITO by an etching process is not re- 
quired in this case, the production costs can be drasti- 
cally decreased/ 



[01 80] In the Second and Third Embodiments, copfa- 
nar-type TFTs are exemplified, in which the surface 
shape of the pixel electrode 441 is greatly affected toy 
the contact holes in the interievel insulating film. When 
5 the present invention is applied to the formation of a pfac- 
el electrode on a lower layer having unevenness In a 
reverse stagger-type TFT, the effect of such uneven- 
ness on the surface shape of the pixel electrode can be 
removed. 

10 

Fourth Embodiment 

[01 81 J Fig. 26 is a cross-sectional view taken along 
section IMP of Fig. 22. showing a configuration accord- 
15 ing to the Fourth Embodiment which is different from that 
in Fig. 2X 

[0182] The Fourth Embodiment also employs two In- 
terievel insulating films 420 composed of a lower inter- 
level insulating film 421 and an upper interievel insutafc- 
20 ing film 422 deposited on the lower interievel insulating 
film 421. 

[01 83] The configuration shown In Fig. 26 is different 
from the configuration in Fig. 23 In that the pixel elec- 
trode 441 has a double layer structure consisting of en 
25 ITO sputtering film 446 (conductive sputtering «m) 
formed on the upper interievel Insulating fOm 422 toy e 
sputtering process and an FTO coating film 447 (conduc- 
tive transparent coating film) formed on the ITO sputter^ 
ing film 446. 

30 [0184] The ITO coating film 447 is therefore electri- 
cally connected to the drain region 416 through the ITO 
sputtering film 446 lying thereunder. Since the ITO sput- 
tering film 446 and the ITO coating film 447 are simu*- 
taneousry pattern-formed as described later, these have 

95 a common forming regta tt , 

[0185] Since other portions are the same as those In 
Fig. 23, the same identification numbers are used *Mh- 
out detailed description. 

[0186] The planar layout of the configuration of the 

40 Fourth Embodiment Is the same as that of the Third Em- 
bodiment shown tn Fig. 22. end thus data fines Sn, 

Sn*1 . and scanning fines Gm,<3m4i function es 

a black matrix. As a result, high quality display can be 
achieved without increasing steps. 

45 10187] In the Third Embo di ment the ITO coating mm 
447 in contact with the drain region 416 tends to news 
a higher contact resistance compared to the ITO sput- 
tering film. In the Fourth Embodiment the ITO coating 
film 447 is electrically connected to the drain region 416 

50 through the ITO sputtering film 446. and such a contg- 
uration does not cause a high contact resistance, 
[0188] A method for making such an active matrix 
substrate 401 wifl now be described with reference lb 
Figs. 27(A) to 27(E) and Tigs. 28(A) to 28(E). Since the 

55 Figs. 27(A) to 27(E) are the same as Figs. 20(A) to 20 
(D) and Fig. 24(A) for the steps of the Third Embodi- 
ment, respectively, the description is omitted. Also, tie 
Figs. 28(B) and 28(C) are the same es Figs, 24(B) end 
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24(C), respectively, for the steps of the Third Embodi- 
ment • 

[01 89) Fig. 28(A) shows a resist pattern-forming step 
before the step in Fig. 28(B). In order to form the source 
electrode 431 and the source line shown in Fig. 28(B), 
an aluminum film 460 is formed by a sputtering process 
in Fig. 28(A). A patterned resist mask 461 is formed on 
the aluminum film 460. The source electrode 431 and 
the data fine, as shown in Fig. 28(B), are formed by etch- 
ing the aluminum film 460 using the resist film 461 1 
[0190] Next, as shown in Fig. 28(C), the upper Inter- 
level insulating film 422 composed of a silicon oxide film 
is deposited on the lower interievel insulating film 421 
by a CVD or PVD process. After ion implantation and 
forming the interievel insulating films, the substrate is 
annealed in a given thermal environment at 350 °C or 
less for several tens of minutes to several hours to ec- 
tivate the implanted ions and to bake the interievel in- 
sulating film 420 (the lower interievel insulating film 421 
and the upper interievel insulating film 422). A contact 
hole 422A is formed at positions, conesponding to the 
drain region 416, in the lower interievel insulating film 
421 and the upper Interievel insulating film 422. 
[0191J Next, as shown in Fig. 28(D). an ITO sputtering 
film 446 (conductive sputtering film) is formed on the en- 
tire interievel insulating film 420 composed of the lower 
interievel insulating film 421 and the upper interievel in- 
sulating film 422 by a sputtering process. 
[0192] Next, as shown in Fig. 28(E), an ITO coating 
film 447 (conductive transparent coating film) is formed 
on the ITO sputtering film 446. 

[01 93J The TO coating film 447 can be formed under 
the same process conditions as in the First to Third Em- 
bodiments. The liquid or paste coating film applied on 
the top face in the Fourth Embodiment is annealed in 
an annealing chamber after the solvent is removed by 
drying. The coating film is annealed or fired at a temper- 
ature of 250 to 500 °C and preferably 250 °C to 400 *C 
for 30 minutes to 60 minutes in air or an oxygen-con- 
taining or nonreducing atmosphere, and then annealed 
at a temperature of 200 °C or more and preferably 200 
°C to 350 °C for 30 minutes to 60 minutes in a hydrogen- 
containing atmosphere. The temperature of the second 
annealing step is set to be lower than that of the first 
annealing step to prevent thermal degradation of the 
coating film stabilized in the first annealing step. By such 
annealing steps, organic components are removed, end 
the coating film is converted to a mixed film (ITO coating 
film 447) of indium oxide and tin oxide. As a result, ttie 
ITO coating film 447 with a thickness of approximately 
500 angstroms to 2.000 angstroms has a sheet resist- 
ance of 1 0 2 ft per sheet to 10 4 ft per sheet and a light 
transmittance of 90% or more, and this and the ITO sput- 
tering film 446 can form a pixel electrode 441 exhibiting 
satisfactory characteristics, 

[0194] Next, the insulating substrate 410 is main- 
tained in the nonreductive atmosphere used in the sec- 
. ond annealing step or a nonoxtdative atmosphere such 



. as a gaseous nitrogen atmosphere until the substrate 
temperature decreases to 200 °C or less, and taken out 
to open air from the annealing chamber when the sub- 
strate temperature reaches 200 °C or less. When the 

5 insulating substrate 410 Is exposed to open air after the 
temperature reached 200 °C or less, the/ coating fflra 
having a decreased resistance by the thermal reduction 
during the second annealing step is prevented from re- 
oxidation and thus the ITO coating film 447 has a low 

to sheet resistance. It is more preferable that the temper- 
ature when the insulating substrate 41 0 is taken out from 
the annealing chamber to open air be 100 *C or less in 
order to prevent reoxidation of the ITO coating film 447. 
Since the specific resistance of the ITO coating film 447 

rs decreases as oxygen defects tn the film increase, reox- 
idation of the ITO coating tUm 447 due to oxygen In a* 
increases the specific resistance. 
[0195] After forming the ITO sputtering film 446 and 
the ITO coating film 447 in such e manner, a resist «m 

20 462 is formed, and these fHms are collectively patterned 
with an etching solution, such as aqua regia or e MBr 
solution, or by dry etching using CH4 or the tike to for m 
the pixel electrode 441 as shown In Fig. 26. A TFT Is 
thereby formed in each pixel electrode 402. When dttV- 

25 ing the TFT In response to e control signal supplied 
through the scanning line Gm, image information is Input 
into the liquid crystal encapsulated between the pixel 
electrode 441 and the counter electrode (not s hown In 
the drawing) from the data fine Sn through the TFT to 

90 display a given image. 

[01 96J In this embodiment, the ITO coating film 4471s 
used to form the pixel electrode 441 . Since the film dep- 
osition by coating exhibits excellent characteristk»'Jbjr 
covering the steps, a liquid or paste coating materia*!© 

35 form the ITO coating fifcn 447 can satisfactorily compen- 
sate unevenness on the surface of the ITO sputtering 
film 446 caused by the contact hole 422. Further* the 
coating material is coated such that the ITO coating aft* 
447 has a large thickness at an indented portion and m 

40 small thickness at a protruded portion. Unevenness 4» 
to the data line 431 does not therefore repficate the e«a> 
face of the pixel electrode 441. The same relationship 
holds in the upper layer of the scanning fine 415. Ac- 
cordingly, a pixel electrode 441 having a flat surface) 

45 without steps can be formed, resulting in stable rubbing 
and prevention of the o cc u rrence of reverse-lit do- 
mains. The present invention therefore improves Image 
quaaty. 

[0197J In contrast, when forming the pixel electrode 
50 by only an ITO sputtering fBm 448 as shown in Fig. 

the ITO sputtering film 446 is replicated by the steps on 
the surface on which the ITO sputtering &m 446 is 
formed. The steps formed on the surface of the ITO 
sputtering film 446 cause unstable nibbing end the 00- 
65 currence of reversed domains, and thus deteriorate 
display quality. Further, His difficult to form the ITO sput- 
tering film 446 so as to «l the entire contact hole 422A. 
hence an opening is inevitably formed. Such an opening 
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also causes unstable rubbing and the occurrence of re- 
verse-tilt domains. The formation of the ITO coating film 
447 therefore be useful 

[0198] As shown in the Fourth Embodiment, when the 
interlevel insulating film 420 has a double layer structure 
for the purpose of forming the pixel electrode 441 and 
the source electrode 431 on different interlayers, the as- 
pect ratio of the contact hole 422A increases; however, 
the ITO coating film 447 can form a flat pixel electrode 
441 regardless of this. 

[0199] The ITO sputtering film 446 has a trend of poor 
adhesion to a resist mask compared to the ITO coating 
film 447; however, the resist mask 462 is formed on the 
ITO coating film 447 in this embodiment, and accuracy 
of patterning is not deteriorated. A pixel electrode 441 
having a high definition pattern can therefore be formed. 

Fifth Embodiment 

[0200] Fig. 29 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for a 
liquid crystal display In accordance with the present in- 
vention, and Fig. 30 is a cross-sectional view taken 
along section llUir of Fig. 29. In the Fifth Embodiment, 
parts having the same function as in the Fourth Embod- 
iment are referred to with the same identification num- 
bers, and a detailed description thereof with reference 
to drawings has been omitted. In Fig. 29, the active ma- 
trix substrate 401 for a liquid crystal display in accord- 
ance with the Fifth"Embodiment is also provided with a 
plurality of pixel electrode regions 402 formed by data 
lines 431 and scanning lines 415 on an insulating sub- 
strate 410. and a TFT is formed on each of the pixel 
electrode regions 402. 

[0201 J The planar layout in the Fifth Embodiment oth- 
er than the ITO sputtering film is identical to the confo- 
uration shown in Fig. 22 for illustrating the Third and 
Fourth Embodiments, hence data lines Sn. Sn+ 1 
and scanning lines Gm, GnrH-1 ~ function as a black 
matrix. High quality image display therefore can be 
achieved without additional steps. 
[02021 Since in the Fifth Embodiment an ITO sputter- 
ing film 456 and an ITO coating film 457 are separately 
patterned as described below in contrast to the Fourth 
Embodiment, their regional areas are different from 
each other, that is, the regional area of the ITO coating 
film 457 is larger than the regional area of the ITO sput- 
tering film 466. 

[0203] When forming the ITO coating film and the ITO 
sputtering film on a common region as in the Fourth Em- 
bodiment, these two ITO films can be simultaneously 
patterned. The resist mask is formed only oh the ITO 
coating film having excellent adhesiveness to the resist 
mask, and is not formed on the ITO sputtering film hav- 
ing poor adhesiveness to the resist mask. High definition 
patterning can therefore be achieved. 
[0204] In contrast, in the Fifth Embotfment, a resist 
mask must be formed also on the surface of the ITO 



sputtering film. When the regional area of the ITO coal- 
ing film is larger than the regional area of the ITO sput- 
tering film, the accuracy of patterning of the ITO coating 
film having excellent adhesiveness to the resist mask 
5 determine a final pattern; hence high definition pattern- 
ing can be achieved even if the ITO sputtering film has 
poor adhesiveness to the resist mask. 
[0205] The steps shown in Figs. 31(A) to 31(C) far a 
manufacturing method of such an active matrix sub- 
to strate is similar to Figs. 27(A) to 27(E) for the Fourth 
Embodiment Thus, only the steps shown in Figs. 31(D) 
to 31(F) will now be described. 

[0206] In Fig. 31 (C), an upper interlevel insulating f»m 
422 composed of a silicon oxide film is formed on a lower 
15 interlevel insulating film 421 and then a contact hole 
422A is formed. 

[0207] Next, as shown in Fig. 31(D). an ITO film 456 
(conductive sputtering film) Is formed by a sputtering 
process on the entire surface of the interlevel insulating 

20 film 420 composed of the lower interlevel insulating fieri 
421 and the upper interlevel insulating film 422. These 
steps is also identical to the Fourth Embodiment. 
[0208] In the Fifth Emoodiment however, only the ITO 
sputtering film 456 is patterned with an etching solution, 

29 such as aqua regis or a HBr solution, or by dry etching 
using CH 4 or the like. After forming the ITO sputtering 
film 456, a resist mask 464 is formed as shown f=ig- 31 
(D) and is patterned. The ITO sputtering film 456 1s 
etched using the resist mask 464 such that the ITO sput- 

90 tering film 456 remains in a region which Is n a r ro wer 
than the region of a pixel electrode 441 to be formed. 
An ITO coating film (conductive transparent coating tarn) 
is formed on the top face of the ITO sputtering film 485. 
The coating materials described In the above-main- 

39 toned Embodiments can be used for forming the fTO 
coating film 457. 

[0209] After forming the ITO coating film 457 In such 
a manner, a resist mask 4621s formed as shown In Fig. 
31 (F) and is patterned with an etching solution, such as 

40 aqua regie or a HBr solution, or by dry etching using 
CH4 or the like to form e pixel electrode 441 as shown 
in Fig. 30. 

[0210] The configuration In the Fifth embodiment has 
similar advantages to that in the Fourth embodiment, fci 

45 particular, although the ITO coating «m 457 in contact 
with a drain region has a higher contact resistance than 
the ITO sputtering film, the ITO coating film 457 In tie 
Fifth Embodiment Is etectrfcaBy connected to the drain 
region 416 through the ITO sputtering film 466 to cancel 

so such a high contact resistance. Since the ITO sputtering 
film can be thin, it can be etched within a short time with- 
out preventing patterning, regardless of poor adhesive- 
ness to the resist mask 464. Since the ITO coating fian 
457 having high accuracy for patterning determines final 

65 accuracy of the pixel electrode 40 lor patterning, high 
accuracy patterning can be achieved. 
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Sixth Embodiment 

[021 1 J Fig. 32 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for a 
liquid crystal display in accordance with the present in- 
vention, and Fig. 33 is a cross-sectional view taken 
along section IV4V of Fig. 32. 

[0212] The arrangement in the Sixth Embodiment is 
characterized in that a pixel electrode 441 is composed 
of an 1TO coating film (conductive transparent coating 
film) 468 formed by coating on an upper interlevel insu- 
lating film 422, and the ITO coating film 468 is electrically 
connected to a repeater electrode 466 composed of an 
aluminum film formed on a lower interlevel insulating 
film 421 by a sputtering process through a contact hole 
422A in the upper interlevel insulating film 422. The re- 
peater electrode 466 is electrically connected to a drain 
region 416 through a contact hole 421 B in the lower In- 
terlevel insulating film 421. As a result, the pixel elec- 
trode 441 is electrically connected to the drain electrode 
416 through the repeater electrode 466 lying thereun- 
der. 

[021 3J Since the repeater electrode 466 composed of 
an aluminum film does not have light transmitting char- 
acteristics, the region for forming it is limited to the inte- 
rior and periphery of the contact hole 421 so as not to 
decrease the aperture ratio, 

[0214J The steps shown in Figs. 27(A) to 27(E) for the 
Fourth Embodiment can be employed for the manufac- 
turing method of such an active matrix substrata 401. 
The succeeding steps after the step in Fig. 27(E) w« 
now be described with reference to Figs. 34(A) to 34(D). 
[0215J As shown Fig. 34(A), after contact holes 421 A 
and 421 B are formed at positions corresponding to a. 
source region 414 and a drain region 416, respectively, 
in the lower interlevel insulating film 421, an aluminum 
film 460 (conductive sputtering film or metal film) is 
formed by sputtering to form a source electrode 431 and 
data lines. Next, a resist mask 470 is formed and the 
aluminum film 460 is patterned using the resist mask 
470. As a result, as shown in Fig. 34(B), the source elec- 
trode 431 , the data lines and the repeater electrode 468 
are simultaneously formed. 

1021 q Next, as shown in Fig. 34(C), an upper inter- 
level insulating film 422 of a silicon oxide film is formed 
on the surface of the lower interlevel insulating film 421 
by a CVD or PVD process. A contact hole 422A Is 
formed at a position corresponding to the repeater elec- 
trode 466 (a position corresponding to the drain region 
4 1 6) in the upper interlevel insulating film 422. 
[0217J Next, as shown in Fig. 34(D), an ITO coating 
film 468 (conductive transparent coating film) is formed 
on the entire interlevel insulating film 420 consisting of 
the lower interlevel insulating film 421 and the upperfn- 
terlevel insulating film 4 22 

[0218] The coating material described in the above- 
mentioned embodiments can be used for forming the 
ITO coating film 468. 



[021 9J After forming the ITO film 468 in such a man- 
ner, a resist mask 462 Is formed and patterned to form 
a pixel electrode 441 as shown in "Fig. 33. 
[0220] As shown in Fig. 32. data fines ^n, Sn*1 — 

5 and scanning fines Gm, GnHi function as a black 

matrix. Further, the aperture ratio of the plie\ region 402 
can be increased and a pixel electrode 441 having a flat 
surface without steps can be formed, hence rubbing Is 
stabilized and the occurrence of reverse-tilt domaJna 

*<> can be prevented. 

[0221] Although the pixel electrode 441 composed of 
the ITO coating film 468 has a higher contact resistance 
with the drain region 416 (silicon film) than the ITO sput- 
tering film, the ITO coating film 468 in the Sixth Embod- 

16 iment is electrically connected to the drain region 416 
through the repeater electrode 466 composed of the a*> 
minum film formed by sputtering to cancel such a high 
contact resistance. 

[0222] Although aluminum la used for the repeater 
20 electrode 466 in this embodiment, use of a dual layer 
film compose d of a luminum and a high melting point 
metal can further decreases the contact resistance wflh 
the ITO coating film 46a The high boiling point metal, 
such as tungsten or molybdenum, is barely oxidized 
26 compared to aluminum, when It comes into contact wfth 
the ITO coating film 468 containing a large amount of 
oxygen. The contact resistance between the repeater, 
electrode 4 66 and the ITO coating film 466 can therefore 
be reduced. 

90 

Seventh Embodiment 

[0223] Fig. 35 is an enlarged plan view of a part of e 
pixel region formed on an active matrix substrate for e 
95 liquid crystal display in accordance with the present In- 
vention, and Fig. 36 la e cross-sectional view taken 
along section V-V of Rg. 35. 

[0224] The Seventh Embodiment Include a modified 
configuration of Second embodiment shown in Fig. 16 
40 and Rg. 1 9. in which a repeater electrode 480 achieves 
electrical connection between an ITO coating fi*rn 441 
and a drain region 41&. 

[0225] In Fig. 35, en active matrix substrate 401 In ac- 
cords nee with the Seventh Embodiment Is also provided 

43 with a plurality of pixel regions 402 formed by data fines 
431 and scanning lines 416 on en Insulating substrate 
410. and each of the pixel regions 402 Is provided w» 
a TFT (a nonlinear element for pixel switching), in only 
planarization of the pixel electrode and reduction of toe 

so contact resistance are intended* the following confgu- 
ration is a vaHabte. 

[0226] As shown in ftg. 38. In the Seventh Embodi- 
ment, an interlevel insulating «m 421 is composed of 
one siDcon oxide layer. 
65 [0227] THe pixel electrode 441 composed of the ITO 
coating film is formed on the top lace of the repeater 
electrode 480 composed of an aluminum film (conctoc- 
tive sputtering film or metal «m) which fe formed on the 
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interievel insulating film 421 by a sputtering process. 
The pixel electrode 441 is therefore electrically connect- 
ed to the drain region 416 through the repeater electrode 
480. Since the repeater electrode 480 composed of an 
aluminum film does not have light transmitting charac- * 
teristics, the region for forming it is limited to the interior 
and periphery of the contact hole 421 B. 
[0228] Since the pixel electrode 441 and the source 
electrode 431 are formed between two common layers 
in the Seventh Embodiment, such that these two eleo- 
trodes are not short-circuited (refer to Fig. 35 and Fig. 
36). 

[0229] Such an active matrix substrate 401 is manu- 
factured according to the steps shown in Figs. 27(A) to 
27 (B) for the Fourth Embodiment The succeeding steps 
after Fig. 27(E) will now be described with reference to 
Figs. 37(A) to 37(C). 

[0230] As shown in Fig. 37(A), contact holes 421A 
and 421 B are formed at positions corresponding to a V 
source region 414 and a drain region 416, respectively » 
in the interievel insulating film 421 . After forming by sput- 
tering an aluminum film 460 for forming the source elec- 
trode 431 and data lines, a resist mask 470 is formed. 
Next, the aluminum film 460 is patterned using the resist 
mask 470 to form the source electrode 431, the data 2* 
lines and the repeater electrode 480 as shown in Fig. 
37(B). 

[0231] Next, as shown in Fig. 37(C), an ITO coating 
film 482 (conductive transparent electrode) is formed on 
the entire' top face of the interievel insulating film 421. » 
The coating films used in the above-mentioned embod- 
iments can be used for forming the ITO coating film 462. ' 
[0232] After forming the ITO coating film 482 in such 
a manner, a resist mask 484 is formed and the ITO film 
482 is patterned using the resist mask 484 to form a pixel 95 
electrode 441 as shown in Fig. 38* 
[0233] Accordingly, a pixel electrode 441 having a flat 
• surface without steps can be formed, resulting in stable 
rubbing and prevention of the occurrence of a reverse- 
tilt domain. Further, an increase in the contact resist- 
ance between the pixel electrode composed of the ITO 
coating film formed by a coating process and the drain 
region 416 can be prevented. 

[0234] The present invention is not limited the above- 
mentioned embodiment and can include various modi- 
fications within the scope of the gist of the present In- 
vention. 

[0235] For instance, in the Sixth and Seventh Embod- 
iments, the repeater electrodes 466 and 480, the source 
electrode 431 and the data lines are simultaneously 60 
formed of the common metal film (aluminum film). In- 
stead, when the interievel insulating film 420 includes a 
lower interievel insulating film 421 and an upper inter- 
level insulating film 422, both the pixel electrode 441 
composed of the ITO film by a coating process and trie « 
repeater electrode 486 composed of a conductive sput- 
tering film may be formed on the upper insulating film 
422. Such a configuration can extend the region forming 



the pixel electrode 441, differing from the Sixth Embod- 
iment, and thus data lines and scanning lines function 
as a black matrix. Since the repeating electrode 486 
(conductive sputtering film) and the source electrode 
431 are formed by different steps, the material for the 
repeating electrode 486 may be the same as or different 
from the material for the source electrode 431. 
[0236] In both the Sixth and Seventh Embodiments, 
although planar-type TFTs are described in which the 
contact holes in the interievel insulating films greatly af- 
fect the surface shapes of the pixel electrodes, the 
present invention can also be applied to a reverse stag- 
ger-type TFT. When the pixel electrode is forced to be 
formed on an uneven surface, the surface of the pixel 
electrode formed of a conductive transparent coating 
film by a coating process as in the present invention 1a 
not affected by such uneven n e ie . 
[0237] For example, an ITO coating film is used as the 
pixel electrode 441 in e reverse stagger-type TFT shown 
in Fig. 38(B) for the purpose of ptena rizati on of the sur- 
face of the pixel electrode 441 . In the TFT shown In Fig. 
38(B), a protective undertayer 41 1 1 a gate electrode 415. 
a gate insulating film 413, an intrinsic anxirphous sUeon 
film forming a channel region 417 and an insulating «m 
490 for protecting the channel are deposited in that or- 
der on an insulating substrate 410. Source and drain re- 
gions 414 and 416 composed of a high concentration 
N-type amorphous silicon f3m are formed on both sides 
of the insulating film 490 for protecting the channel, and 
a source electrode 431 and a repeater electrode 402 . 
composed of a sputtering film such as chromium, alu- 
minum or titanium are formed on the source and drain 
regions 414 and 416. Further, an Interievel insulating 
film 494 and a pixel electrode 441 are formed thereon. 
Since the pixel electrode 331 is composed of an ITO 
coating film, it has a flat surface. The pixel electrode 441 
is electrically connected to the repeater electrode 496 
through a contact hole in the interievel insulating fika 
441. Since the pixel electrode 441 is electricaly con- 
nected to the drain region 416 through the repeater elec- 
trode 496 composed of the sputtering fBrn, a high cow- 
tact resistance between the pixel electrode 441 com- 
posed of the ITO coating film and the drain region 416 
(silicon film) can be served. Since the pixel electrode 441 
and the source electrode 431 are arranged between de- 
ferent layers, these electrode does not short<SrculL Ae 
a result, the pixel electrode 441 can be formed in a wide 
range so as to cover the data fines and the scanning 
lines (not shown in the drawing), hence the data anas 
and the scanning lines functions as a black matrix and 
the aperture ratio of the pixel region can be increased. 
[02381 Although the ITO coating IHm for forming the 
pixel electrode is deposited with e liquid coating material 
by a spin coating process, the ITO coating film maybe 
deposited using a paste coating material by a printing 
process. Further use of the paste coating material ena- 
bles a screen printing process, in which the paste coat- 
ing material is printed only on the region to form the ptaef 
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electrode followed by drying and annealing, and the re- 
sulting film can be used as the pixel electrode. Since 
this case does not require patterning of the ITO film, the 
production costs can be drastically reduced- 
[0239J Although onry the pixel electrode is formed of 9 
a coating film in the Second to Seventh Embodiments, 
any one of an insulating layer, a conductive layer and a 
semiconductive layer, as well as the pixel electrode, can 
be, of course, formed of a coating film, as described in 
the First Embodiment 10 

Eighth Embodiment 

[0240] An electronic device formed of a liquid crystal 
display device in accordance with any of the above- 
mentioned embodiments include, as shown in Fig. 40, 
a display information source 1000, a display information 
processing circuit 1002, a display driving circuit 1004. a 
display panel 1 006 such as a liquid crystal panel, a dock 
generating circuit 1008 and an electric power circuit 20 
1010. The information display source 1000 includes 
memories such as ROM and RAM, and a tuning circuit 
for tuning and outputting the television signals, and out- 
puts display information such as video signals based on 
clock from the clock generating circuit 1 008. The display 25 
information processing circuit 1 002 processes and out- 
put the display information based on the clock from the 
clock generating circuit The display information 
processing circuit 1002 may include, for example, en 
amplification and polarity inversion circuit, a circuit with & 
parallel data input, a rotation circuit a gamma correction 
circuit and a clamping circuit The display driving circuit 
1004 includes a scanning line driving circuit and a data 
line driving circuit and drives to display the liquid crystal 
panel 1006. The electric power circuit 1010 supplies 35 
electric power to the above-mentioned circuits. 
[0241] Examples of electronic devices such a config- 
uration include liquid crystal projectors as shown in Fig. 
41, personal computers (PCs), as shown in Fig. 42, and 
engineering work stations (EWSs) responding to multl- 40 
media, pagers as shown in Rg. 43 and portable phones, 
word processors, televisions, view finder-type and mon- 
itor-type video taperecorders, electronic notebooks, 
electronic desktop calculators, car navigation systems, 
POS terminals, and apparatuses provided with touch 45 
panels. 

[0242] The liquid crystal projector shown in Rg. 41 is 
a projection type-projector using a transparent liquid 
crystal panel as a light valve and includes, for example, 
a three-plate prism-type optical system. 50 
[02431 In the projector 1100 shown in Rg.41. projec- 
tion light emerging from a lamp unit 1102 provided «flh 
a white light source is divided into three primary colors, 
R, G and B by a plurality of mirrors 11 06 and two dichroic 
mirrors 1108 in a light guide 1104, and the three primary « 
colors are introduced to three color liquid crystal panels 
111 OR, 1110G and 1110B for displaying their respective 
colors. The light beams modulated by the liquid crystal 



panels 1110R. 1110G and 1110B are incident on a dich- 
roic prism 1 1 1 2 from three direction. In the dichroic prism 
1112, since the red R and blue B fight beams are reflect- 
ed by 90E whereas the green G light beam travels 
straight images of these colors are combined and thus 
a color image is projected on a screen or thjb like through 
a projection lens. 

[0244] The personal computer 1200 shown in Fig. 42 
includes a main body 1204 provided with a key board 
1202 and a liquid crystal display screen 1208. 
[02451 The pager 1300 shown In Fig. 43 includes a 
liquid crystal display board 1304, a fight guide 1306 pro- 
vided with a back light 1306a, a circuit board 1306, m 
first shield plate 1310 and a second shield plate 1312, 
two elastic conductors 1314 and 1316 and a film carrier 
tape 1 31 8, which are provided in a metallic frame 1302. 
The two elastic conductors 1314 and 1316 and the «m 
earner tape 1 31 8 are provided for connecting the liquid 
crystal display board 1304 to the circuit board 1306. 
[0246] The liquid crystal display board 1304 is com- 
posed of a liquid crystal encapsulated between two 
transparent substrate 1304a and 1304b and forms at 
least a dot-matrix liquid crystal panel. One of the trans- 
parent substrate may be provided with a driving drcuft 
1004 shown in Fig. 40, and addKionaly, a display infor- 
mation processing circuit 1002. Circuits not mounted si 
the liquid crystal display board 1304 can be mounted In 
a circuit board 1308 shown in Fig. 43 as en external cir- 
cuit of the liquid crystal display board. 
[0247] The pager configuration shown in Fig. 43 far- 
ther requires a circuit board 1308, as wen as the Squid 
crystal display board 1304, and when a liquid crystal els- 
play device is used as one unit in an electronic device 
and when a display driving circuit is mounted onto m 
transparent board, the minimum unit of the OqukJ crystal 
display device is the Squid crystal display board 1304. 
Alternatively, the liquid crystal display board 1305 fixed 
into the metallic frame 1 302 can be used as a liquid crys- 
tal display device which is a part of en electronic do vies. 
Further a back-light-type liquid crystal display device 
can be formed by assembling the Squid crystal display 
board 1 304, a light guide 1 306 provided with a backlight 
1306a into the metallic frame 1302. Instead, as shown 
in Rg. 44, a tape carrier package (TCP) 1320. in which 
an rC chip 1324 is packaged onto eporyimide tape 1322 
provided with a metaISc conductive film, may be con- 
nected to one of the two transparent substrate 1304a 
and 1 304b of the liquid crystal display board 1304 to be 
used as a liquid crystal display device as a part of the 
electronic device. 



1. A thin film device having a thin film monolithic struc- 
ture comprising a plurality of thin films including at 
least one insulating layer and at least one conduc- 
tive layer, wherein at least one of said pturair/ of 
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thin films is formed of a coating film (excluding arc 
insulating spin-on-glass film), and the coating fitffi) 
is formed by discharging a solution from a nozzBo. 

2. The thin film device according to claim 1 , said th5n 0 
film monolithic structure further comprising a semi- 
conductor layer, tfta semiconductor lays? befog 
formed by said coating fEsra. 

3. The thin film device according to claim 1, whereto 
at least one of said conductive layer is formsd ©7 
said coating fEaa. 

4. The thin film device according to claim 2, whereto 
said thin film device has a transistor, the transistor *8 
including a gate insulating layer, a gate electroib, 

a channel region, a drain region, and a source ro- 
gtoa, 

said semiconductor layer being worked as q& 
least one of the gate insulating layer, the gate eleo- sa 
trode, the channel region, the drain region, and tfto 
source regto. 

& The thin film device according to claim 4, said tfcto 
film device further comprising a protection insulsft- S3 
tng layer above said transistor. 

3. The thin film devioa according to claim 1, whckfJO 
all the insulating films tn said thto fifrva monc5s&£§ 
structure are formed by said coating filrrto. 50 

7. The thin film device according to claim 1 , said seda- 
tion containing a polymer having 85— N barc£3* 

Q. The thin film device according to claim 2, wherefca & 
said solution containing a polymer having sileosfi 
partk£c3. 

@. The thin film device according to claim 3, whereto . 
said solution containing a conductive polyrrtsr. O 

10. The thin film device according to daim 3, whereto 
said coating film is an ITO (indium tin oxide) fibs*. 

11. The thin film devica according to cteto 1. tte> C£a O 
film monolithic structure comprising Q dato Csp, o 
scanning line, a pixel being arranged so as to cor- 
respond to an intersection of said data line and ssz& 
scanning line, a pixel transistor being disposed Cor 
the pixel, and a pixel electrode being connected C3 C9 
the pixel transistor 

12. An active matrix substrate according to daim 1, tfca 
active matrix substrate further containing said tftto 
filmdevfea, , 03 

13. A liquid crystal panel according to claim 11, whereto 
said liquid crystal panel comprising: 



an active matrix substrate having said thin fBrea 
device; 

a counter substrata feting said active matefo 
substrate; ©fftd 

a fiquid crystal layer disposed between said c»* 
tive matrix substrate and said counter ©u£- 

StrEuD- 

14. An electric device according to daim 13. the elecfcrfe 
device having said liquid crystal psrcd 

13. A method for processing a thin film device havfrtg 
an active matrix substrata, the active matrix sub- 
strate having at least one insulation film and at lecd* 
one conduction film, compristog: 

forming a first film thstts on© of said plurality^ 
thin films, the first film being a coating film Con- 
cluding an insulating sp5n-on-glas8 toaj» 
coating tarn being farmed from a first soSufea, 
the first solution being discharged from o etss- 

forming a second film thatta one oVsafd pOum^ 
of thin films, the second film being a coating CjC3 
(exduding an insulating spin-on-glass fitmj, Gfco 
coating film being farmed from Q second ceis* 
tion, the second solution being discharged £a£33 
a rtos^b. 

13. The method for processing q thin film devto c&- 
cording to daim 1 5, wherein at least one of said 
film and said second film a semlcc^uctcr 

17. The method for processing © ® m d ® vto c> 
cording to daim 13, wfcsnsJn s©£d second &a £3 
fomtsdabovosafdi^'C^ 

18. The method for processing q thtn film devcoo c©» 
cording to daim 1 5, further comprising: discharge 
said first solution by ©n 5n5t jeft prococa. 

1®. The method forprocess&tg o tftJn ffim devto cs- 
cording to daim 1S, ftnth<^cornpnsEng:dischass^ 
said first solution by vQwattom ttrf q pfeaoete^Cs-c3* 

20. The method for. prooess&t^ Q ttn-fflm devto cs» 
cording to daim 15, farther comprising: coatEng cc^ 
first solution toy sp&i ooatffing pmczx 

2H. A method for processSrcg Q tfo&i flBffn devto DtsrcSE^ 
an active matrix substrate, tto sc8wq m&trbt cs3> 
strate having at least one Jnsulaticn fifen and at Coc3 
one conduction fitaa. compn^&se: 

.forming a first film that to cn© of sacd phinC&a? 
thin films, the first mm being Q coating fcm fp&> 
duding an insuiat&tg ^K7«mrglaco tfco 
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coating film being formed from a first solution, 
the first solution being discharged from a noz- 
zle; 

annealing said first film after coating said first 
solution; 

forming a second film that is one of said plurality 
of thin films, the second film being a coating film 
(excluding an insulating spin-on-glass film), the 
coating film being formed from a second solu- 
tion, the second solution being discharged from 
a nozzle; and 

annealing said second film after coating said 
second solution. 



22. The method for processing a thin film device 
cording to claim 21 , wherein at least one of said 
film and said second film is a semiconductor M 



23. A method for processing a thin «m device having 
an active matrix substrata, the active matrix sub- 
strate having at least one insulation film and at least 
one conduction film, comprising 

forming a first film that Is one of said pturattyaf 
thin films, the first film being a coating film (ex- 
cluding an insulating spin-on-glass film), tha 
coating film being formed from a first solution, 
the first solution being discharged from a i 



heating said first film after coating said first eo- 



forming a second film that Is one of said plurafty 
of thin films, the second film being a coating mm 
(excluding an insulating spin-on-glass film), tha 
coating film being formed from a second solu- 
tion, the second solution being discharged torn 
a nozzle; and 

heating said second film after coating said sec- 



26. 



of thin films, the second film being a coating fiton 
(excluding an insulating spin-on-glass film), tha 
coating film being formed from a second solu- 
tion, the second solution being discharged from 
a nozzle; and jj 
evaporating the solvent in said second solution 
after coating said second solution. 

The method for processing a thin film device ac- 
cording to claim 25, wherein at least one of said first 
film and said second film is a semiconductor dm. 



24. The method for processing a thin film - 
cording to claim 23, wherein at least one of said first 
film and said second film b a semiconductor fikn. 

25. A method for processing a thin «m device having 
an active matrix substrata, the active matrix sub- 
strate ha ving at least one insulation film and at 1 
one conduction «m. < 



forming a first film that Is one of said pturafity of 
thin films, the first film being a coating film {ex- 
cluding an insulating spin-on-glass film), tha 
coating film being formed from a first solution, 
the first solution being discharged from a i 



evaporating the solvent In said first solution af- 
ter coating said first solution; 
forming a second film that is one of said pturaBy 
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